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PREFACE. 


THE present volume contains one report and fourteen papers pre- 
sented at the Annual General Meeting of the Institute held in 
London on May 13th, 1943; of these, the report and nine papers 
were presented under the auspices of the Joint Research Com- 
mittees of the Institute and the British Iron and Steel Federation. 
The discussion and correspondence on these papers are also included, 
together with the authors’ replies. In addition, further corre- 
spondence on a paper included in the No. IT. volume of the Journal 
for 1942 will be found in the present book, together with the 
authors’ reply. 

Section I. of this volume contains the above-mentioned material 
and also the Minutes of the Proceedings of the Meeting, including 
the Report of Council and Statement of Accounts for 1942. 

Section II. is devoted to a survey of the literature on the manu- 
facture and properties of iron and steel, and kindred subjects, and 
consists of a collection of abstracts of articles from the Transactions 
and Proceedings of scientific societies and from the technical press. 
This section also contains reviews of recent books and bibliographies 
of literature dealing with the manufacture and properties of iron 
and steel. The matter included in this Section has already appeared 
in the Bulletin of The Iron and Steel Institute, which is issued 
monthly. 

In front of the title-page are inserted lists of Bibliographies, 
Special Reports and Translations issued by the Institute. 


4, GROSVENOR GARDENS, 


Lonpbon, S.W. 1. 
September, 1943. 
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MINUTES OF PROCEEDINGS 
AND 


PAPERS AND DISCUSSIONS 


AT THE 


ANNUAL MEETING, 1943. 


THE SEVENTY-FourtH ANNUAL MEETING oF THE IRON AND STEEL 
INSTITUTE was held at the Offices of the Institute, 4 Grosvenor 
Gardens, London, 8.W. 1, on Thursday, May 13, 1943, at 2.45 p.m., 
Mr. James HenpeErsoy, President, occupying the Chair. 


The Minutes of the previous Meeting, held at Sheffield on Decem- 
ber 10, 1942, were taken as read and signed. 


WELCOME TO MEMBERS ATTENDING THE MEETING. 


The PResipentT (Mr. James Henderson) welcomed the Members 
and in particular representatives from America, Belgium, China, 
the Fighting French, Luxemburg, Poland and other allied countries 
(applause), and expressed pleasure at the excellent attendance. 


OBITUARY. 


The Prestpent: I regret to report the death of twenty-five 
Members of the Institute, whose names are recorded in the Report of 
Council which is in your hands. In addition, I regret to have to 
report the death this year of two Honorary Vice-Presidents, Mr. 
Charles John Bagley and Mr. James A. Farrell. 

Mr. Bagley died on March 1, 1943, at the age of 95. He became 
a Member of the Institute in 1873, and was the senior Member by 
very many years. He had a distinguished career in the steel 

industry on the North-East Coast, serving with the Consett Iron 
Works and Tees Bridge and later as a Director of South Durham 
and Managing Director of Cargo Fleet. He was elected to the 
Council in 1906, and became an Honorary Vice-President in 1924. 
The last time that most of us saw him was at the garden party at 
Solberge Hall, when Mr. Talbot entertained the Institute during the 
Middlesbrough Meeting in 1937. He was an interesting man to 
meet. I am afraid that to most of you he was only a name, but I 
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remember meeting him for many years and receiving great kind- 
ness at his hands. : 

Mr. Farrell died on March 29, at the age of 80. He had a 
distinguished career in America. In 1903 he became President of 
The United States Steel Products Export Company, and in 1911 
President of The United States Steel Corporation, a position which 
he held for 21 years. He was an Honorary Vice-President of the 
American Iron and Steel Institute and I think we should send a 
cable of condolence to that Institute. (Agreed.) He was elected 
an Honorary Vice-President of our Institute in 1930. 

In memory of these and others whom I have not named, I ask 
you to stand for a moment in silence. 


The Members stood in silence for a few moments. 


Honours CONFERRED ON MEMBERS. 


The PrEstDENT : I have some congratulations to convey in which 

I am sure you will be pleased to join. Dr. A. McCance and Dr. C. 
Sykes have been elected Fellows of the Royal Society, and we 
offer them our hearty congratulations. (Applause.) Dr. McCance 
occupies an outstanding position; we all know his qualities as a 
scientist and an investigator, and those who know him best are not 
surprised to hear that he is showing equal ability on the executive 
side. We wish him and Dr. Sykes many years of health and 
prosperity. : 


NoMINATION OF Con. StR CHARLES WRIGHT, Bt., G.B.E., C.B., 
To Honorary M®MBERSHIP. 


The Council have this afternoon decided to nominate Sir Charles 
Wright to be an Honorary Member of the Institute. I need not 
emphasise the great services which Sir Charles has rendered to our 
industry, for they are well known to you. He has the unique 
distinction of having served as Controller during both wars, and 
the industry owes him much for the able way in which he has carried 
out these exacting duties. The Institute also is much indebted to 
him for constant interest and assistance. It is just ten years since 
he retired from a most successful Presidency, and it is fitting that 
we should add his name to the short and distinguished list of 


Honorary Members. I am sure you will all join heartily in that 
tribute to him. (Applause.) 


MEMBERSHIP OF THE COUNCIL. 


I have also to announce (the PREesIDENT continued) that Mr. 
W. J. Brooke has been nominated an Honorary Vice-President in 
recognition of the many years of distinguished service which he has 
given to the industry and to the Institute. It is just thirty years 
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since he first became a Member. On behalf of us all I wish to 
congratulate Mr. Brooke and to assure him of our sincere good 
wishes. (Applause.) 

Last autumn Mr. Richard Mather was elected a Member of 
Council. He joined the Institute in 1913, and is with us for the 
first time as a Member of Council. This afternoon the Council 
elected Mr. Desmond Lysaght to be a Member of Council. I con- 
gratulate these gentlemen and am sure that you will approve of 
our selection. 

The Council are also pleased to welcome, as I am sure all the 
Members are, Mr. Kilby and Mr. Glenn as Honorary Members of 
Council in succession to Mr. Robinson and Dr. Gregory during their 
periods of office as Presidents of the Lincolnshire Iron and Steel 
Institute and the Sheffield Metallurgical Association, respectively. 
We shall welcome them at our Meetings. I should like to thank 
Mr. Robinson and Dr. Gregory for the assistance that they have 
given us in the course of their Honorary Membership. I have the 
pleasure of welcoming Mr. Albert Wright, President of the Stafford- 
shire Iron and Steel Institute, who is with us to-day at our Annual 
Meeting. Mr. Wright has succeeded Mr. Bamford, to whom we are 
also much indebted. 


AWARD OF THE BESSEMER GOLD MEDAL For 1943 To 
Me. JonHN HameppEN WHITELEY. 


The Presipent: The Council have decided to award the Bes- 
semer Gold Medal for 1943 to Mr. J. H. Whiteley, of the Consett 
Tron Co., Ltd. (Applause.) Mr. Whiteley is the author of more than 
twenty excellent papers, and I may remind you that a term of the 
original conditions governing the award of this Medal is that it shall 
be presented “for a paper read before the Institute and having 
special merit and importance in connection with iron and steel 
manufacture.”’ It would be invidious to name a single paper out 
of the many that he has contributed, but two aspects of his work to 
which I wish to refer in particular are his study of the acid hearth 
and slag and his examination of the nature of inclusions in steel. 
He received the Carnegie Gold Medal in 1917 for a paper entitled 
“The Eggertz Test for Combined Carbon in Steel,” so that he 
started his career of distinction some time ago. 

Unfortunately, Mr. Whiteley is not with us to-day, but when we 
come to present him with the Roll of Honour, no doubt there will 
be an.opportunity of adding to this brief tribute. 


WIuiAMs PRIZES. 


The PrusipEnt: During recent years no award of the Williams 
Prize has been made, but you have before you to-day a most interest- 
ing paper on “A Review of Basic Open-Hearth Practice at an 
Australian Plant,” by Mr. R. L. Knight, of the Australian Iron and 
Steel Co., Ltd., which was received last year, and so it has been 
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decided to award a Williams Prize of £100 to Mr. Knight. It has 
also been decided to award a Williams Prize of £100 to Mr. A. 
Jackson, of the Appleby-Frodingham Steel Co., Ltd., for his 
excellent paper on “The Linings of Large Basic Open-Hearth 
Tilting Furnaces,” which was printed in the No. IT. Journal for 1942. 


PRESENTATION OF THE REPORT OF CoUNCIL AND STATEMENT 
oF Accounts FOR 1942. 


After the Secretary (Mr. K. Headlam-Morley) had submitted 
the Report of Council for 1942 (see pp. 11 P-33 P) the PRESIDENT 
called on the Hon. Treasurer, Mr. Richard Lyttelton, to present the 
Statement of Accounts for the year (see pp. 34 P-41 P). 


Mr. Ricnarp LytTEttTon (Hon. Treasurer): It will be seen from 
the Statement of Accounts for 1942 that expenditure has been 
reduced by £600 and the income increased by £1036. We have 
added to Reserve and various Suspense Accounts £1095, leaving a 
balance to carry forward to the Balance Sheet of £132. 

One of the chief reasons for this satisfactory result is the work 
of our President, who for eight years as Honorary Treasurer gave 
great attention to our finances during the rather anxious times 
when we were moving into this new building and developing the 
enterprises now undertaken by the Institute. I think it is he who 
should be presenting this Statement of Accounts, because this is 
indeed a case of my reaping where others have sown. 

Another reason is that, in spite of the loss of 400 overseas 
Members owing to the war, the British membership and the number 
of Associates have increased, and there is also an increase in the 
receipts from the sales of publications. Another important cause is 
that, in spite of an increase in material costs, there are several 
items on which we have been able to reduce expenditure. I would 
draw attention to the Translation Service, because that is a par- 
ticular concern of our Secretary, who has developed it in the face of 
a certain amount of doubt. That shows, instead of a net expenditure 
of £212, an income of £215—a very satisfactory turn-round. In 
this connection, I should like to pay tribute to the Secretary and 
his staff, particularly mentioning Mr. Chattin, the Assistant 
Secretary, who has done a great deal of work in this department 
Mr. Ronnebeck and Dr. Dora Steiner. 

Finally, the Trust Funds are in a satisfactory position, as are 
also our investments. These are shown in the Balance Sheet at 
£73,752, but on December 31 last their market value was over 
£10,000 in excess of that figure. 


‘The PRESIDENT, in moving the adoption of the Report of Council 
and Statement of Accounts for 1942, stated that the Council wished 
to thank the Secretary and staff for their loyal services, (Applause.) 


The motion was carried unanimously, 


ELECTION OF NEW MEMBERS. 5P 
BALLOT FOR THE ELECTION oF NEw MEMBERS AND 
ASSOCIATES. 
Mr. .VeRNon Harporp (London) and Mr. Louis RuipLEy 


(Middlesbrough), who had been appointed scrutineers of the Ballot, 
reported that the following 77 candidates for membership and 53 
for associateship had been duly elected : 


MEMBERS. 


BAILES, JOHN GEORGE 

BaARRASS, WILLIAM 

BisHop, C. F. : 
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BSe. 


Daz, FRANK WIxson, B.Sc., ALC. 
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Dean, WILLIAM THOMAS, B. Se. 


(Manchester), PNIRCE 
Dickinson, EDWARD CyYRIL, M.Met. 
_ (Sheffield), A.M.I.A.E. 


Dovueuty, JOHN ARTON FRANCIS 

ID WAT Sad) ; : - 5 

Eastwoop, LA VERNE W., M.S., 
Pores ; é 


FassoTrTse, Pau CHARLES 


FeLts, Henry ALEXANDER, B.Sc., 
Ph.D., A.I.C., A.M.I.Min.E. 

Fisk, PHILLIP Marcus, Ph.D., B. Se. * 
A.LC. : 

FRANCIS, SyDNEY . ; 

FRANKS, RUSSELL Minor 

Fry, C. L. 

GRUNFELD, HERBERT 

HarpHamM, EDWARD WILLIAM | 

Hiaerns, Parrick Daniget, A.R.S. M. a 
B.Sc. (Met. ),(London) . Z 


Sheffield. 

Sheffield. 

Sheffield. 

London. 

Kenton, Middlesex. 

Johannesburg, 
Africa. 

Sheffield. 


South 


Barnsley. 
Coventry. 
Warren, Ohio, U.S.A. 


Corby. 
Quinton, Birmingham, 
Birmingham, 


Cradley Heath, Staffs. 
Wolverhampton. 
Eynsham, Oxfordshire. 
Brisbane, Australia. 
Norwich. 

Wrexham. 


Carshalton, Surrey. 


Hampton-in-Arden, War- 
wickshire. - 

Burton Green, Warwick- 
shire. 

Sheffield. 


Baltimore, Md., U.S.A. 
Ashorne Hill, Leamington 
Spa. 


Sheffield. 


Braintree. 

Weeton, Leeds. 

Niagara Falls, N.Y., U. S.A. 
Sheffield. 

London. 


Sheffield. 
Port Talbot. 


ELECTION OF NEW MEMBERS. 


Hucues, Martris Lutser, M.Sc. 
(London), F.1.C. 

IsBoTson, LESLIE Smmpson, A. M.C. T. 
JACKSON, JOHN FABIAN BRINDLEY, 
B.Sc. (Hons. Met.), A.I.C. 
JEFFRIES, HARRY FARMERY 
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Met. (Sheffield) . 
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Lacy-HuLBert, Cyrin, M. je (Can- 
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Lowery, Harry, M.Ed. (Leeds), 
M.Se., Ph.D. (London), D.Sc. 
(Manchester), F.Inst.P. 

MacponaLtp, ALEXANDER Cratc, 
B.Se., A.M.LA.E. ; 


MacEwan, JoHN Hay 

Marsu, Tom HENRY 
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Mowat, JAMES Mowar, B.S8e. "(Met.) 
(London) . 
MuRFITT, GroRGE, 


A.LC., ‘Assoc. 
Met. (Sheffield) . : é : 
PALMER, GERALD STANLEY 
RANDLE, JAMES : 
RICHARDS, Epwarp SAMUEL ‘ 
Rispon, ROBERT BEADON HaMILron 
Rosperts, THOMAS 
ROBERTSON, Harry ALEXANDER 
Ropsryson, F. W. . 

Sacus, WERNER, Ph.D. 

SARGEANT, HENRY GRANT 

Scorr, JOHN RowLaNnp ANDREW 

STANILAND, Haro~p WELLS 

STAYMAN, THOMAS 
A.M. Inst.C.E. 

Srusss, R. 

Srupss, Ross Lewis A 

Taytor, Paiire Hersert, A. M Cs T. 

THomas, HENRY GLYNN 

THOMSON, JAMES , 

Waonz, Sipney ARTHUR 

WALKER, JOHN, B.Sc. 
A.R.S.M. 

be Francis Marion, jun., 
Ph.D ; : é 


HENRY, 


(Eng.), 


Cwmgwyn, Swansea. 
Bristol. 


Sheffield. 
Karabuk, Turkey. 
Allestree, Derby. 


Oxford. 
Thurlstone, Sheffield. 


Aston, Birmingham. 
London. 


London. 


Scotstoun, Glasgow. 
Hillington, Glasgow 
Hightown, Wrexham. 
Sheffield. 

Hampton Hill, Middlesex. 
Sydney, Australia. 


Sheffield. 


Manchester. 
Briton Ferry. 


Bearsden, Dumbartonshire. 


Totley Rise, Sheffield. 
Sheffield. 
Letchworth. 
Walsall. 
Wolverhampton. 
Wrexham. 
Glasgow. 
Sheffield. 
London. 
Sheffield. 
Manchester. 
Scunthorpe. 


Thornaby-on-Tees. 
Bradford. 

Oxford. 

Worsley, Lancs. 
Llanelly. 

Corby. 

Thornton Heath, Surrey. 


New Malden, Surrey. 


Washington,\U.S.A. 


ELECTION OF NEW ASSOCIATES. 


Wark, Dr. I. W. 
Winsor, KerrH WILLIAM 


Youne, EDGAR 


ASSOCIATES. 


ATRSTON, JOHN BRIAN . : 
ANTHONY, SAMUEL CLIFFORD . 
Bapones, Lovis 
BaGatety, THOMAS 
BaRrciay, THOMAS Morton 
BARRACLOUGH, KENNETH CHARLES, 
B.Sc., Assoc. Met. Pete. 
A.I.C. ; 
Brings, FRANCIS DownIE 
Bryan, RAYMOND VERNON 
BULLIVANT, DEREK JIM 
Burks, HERBERT GEORGE 
CorrREtt, Cc. L. M. 
pobre DoNALD KERR, 
A.1.C 
EpWaRps, 4} OHN ORMEROD 


B.Se., 


FENTON, GEOFFREY 

FLETCHER, WALLACE J OHN 

FontTAINE, KENNETH . 

ForREST, KENNETH JOSEPH 

‘ Gunn, KENNETH WILLIAM 

Hit, Joun Drxon é 

Hoseitz, Kurt, Ph.D. " (Bristol) 

Howes, RicHarp Srpney, B. Met. 

Huenes, Davip Emrys RicHARD 

Irvine, KENNETH JAMES 

Kine, GEORGE ROLAND 

KUBILINS, Ens EDWARD THEO- 
porg, U.S.N.R : 

Lewis, RoBERT Brook : 


Lister, RIicHARD PERCIVAL 
Mati, AsiIt KUMAR . 
Marsu, Water DouGcLas 
MiIpDLETON, JAMES MAURICE . 
Morris, ALBERT . 
Morrmore, R. W. N. ; 
Murpocu, ARTHUR WHooDs, 3 


Murpuy, Paiir Conway 
Nurtine, JACK. 

PEASE, RENDEL SHBASTIAN 3 
Petou, Mrs. Marion KATHARINE . 
Puiiies, EpMOR . ; 
Pricz, Barriert R., B. 8. 

Rage, KENNETH Martin 


TP 


Fishermen’s Bend, Victoria, 
Australia. 

North Carlton, 
Australia. 

Netherton, Dudley. 


Victoria, 


New Barnet. 
Liverpool. 
Uplands, Swansea. 
Workington. 
Bilston. 


Chapeltown, Sheffield. 
Bridge-of-Weir. 

Kings Norton, Birmingham, 
8. arden Birmingham. 
Brynmill, Swansea. 
Stafford. 


Belfast. 

Stockton Heath, Warring- 
ton. 

Leeds. 

Patchway, Bristol. 

Scunthorpe. 

Erdington, Birmingham. 

Swansea. 

Sketty, Swansea. 

Sheffield. 

Sheffield. 

Birmingham. 

Leeds. 

Hounslow, Middlesex. 


Princeton, N.J., U.S.A. 

South Yarra, Victoria, Aus- 
tralia. 

Farnborough, Hants. 

Sheffield. 

Coventry. 

Sheffield. 

Port Talbot. 

Scunthorpe. 

Wombourn, Wolverhamp- 
ton. 

Uplands, Swansea. 

Mirfield, Yorkshire. 

Aylesbury. 

Fleet, Hants. 

Swansea. 

Pittsburgh, Pa., U.S.A. 

Whitburn, Co. Durham. 


8P ELECTION OF VICE-PRESIDENTS AND MEMBERS OF COUNCIL. 


SEAGER, GEORGE CRESSWELL, Ph.D., 


M.Sc. ! ; . ‘ . Stoke-on-Trent. 
SHaw, Davip : : 3 . Leeds. 
{SLOAN, JOHN p ; ; . Clydebank. 
SNowDEN, DouciAs RONALD CLAY- 

FIELD ‘ F i ; . London. 
Sronr, Howarp Epwarp NaGLte . Skewen, Glam. 
Tatram, Nozrt CurTIs . : . Peterborough. 
TaytLor, ROBERT RONALD : . Larbert, Stirlingshire. 
Towers, Miss HELEN . , . Larbert, Stirlingshire. 
TROTMAN, GEOFFREY EDWARD . Oldbury, Birmingham. 
Watn, Henry LAURENCE : . Melbourne, Australia. 
Watson, Basin ARTHUR : . Scunthorpe. 
Wuitr, GEORGE J. A : . Southport. 
Wiuu141aMs, DEREK Howar ; . Leeds. 


ELECTION OF VICE-PRESIDENTS AND MEMBERS OF COUNCIL. 


The Secretary (Mr. K. Headlam-Morley) : In accordance with 
Bye-Law 10, the names of the following Vice-Presidents and Mem- 
bers of Council were announced at the Autumn Meeting, 1942, as 
being due to retire at the present Annual Meeting : 


Vice-Presidents : Mr. Arthur Dorman, Mr, J. 8. Hollings and 
Mr. Fred Clements. 

Members of Council : Professor J. H. Andrew, Mr. P. B. Brown, 
Mr. J. R. Menzies-Wilson, Captain H. Leighton Davies, C.B.E., 
and Mr. I. F. L. Elliot. 


As no other Members have been nominated, they are, in accordance 
with the Bye-Laws, re-elected. 


PRESENTATION OF PAPERS. 


A list of all the papers included in the programme of the 
Meeting will be found on p. 9p. The following were presented for 
verbal discussion : 


“First Report of the Marine Corrosion Sub-Committee.” 
(Paper No. 9/1943 of the Corrosion Committee (submitted by the 
Marine Corrosion Sub-Committee)). 


“A Review of Basic Open-Hearth Practice at an Australian 
Plant,” by R. L. Kniaur, 


Vorrs or THANKS. 


The PRESIDENT moved a vote of thanks to the authors for 
their papers. 


On the motion of Dr. C. H. Descu, F.R.S. (Vice-President), 
seconded by Dr. W. H. Harrrenp, F.R.S. (Vice-President), a vote 


: thanks was accorded to the President for his conduct in the 
hair, 


The proceedings then terminated. 


LIST OF PAPERS. 9P 


Complete List of Papers and Report Presented at the 
Annual General Meeting, 1943. 


“‘First Report of the Marine Corrosion Sub-Committee.’’ (Paper No. 
9/1943 of the Corrosion Committee (submitted by the Marine Corrosion 
Sub-Committee)). 


C. R. BarsBer: ‘‘The Calibration of the Platinum/13%-Rhodium— 
Platinum Thermocouple over the Liquid Steel Temperature Range.”’ 
(Paper No. 17/1942 of the Committee on the Heterogeneity of Steel 
Ingots (submitted by the Liquid Steel Temperature Sub-Committee)). 

C. A. Epwarps, F.R.S., D. L. Puriires and Y. H. Liu: “‘ The Yield Point 
in Steel.”’ 

R. L. Knieur: ‘‘ A Review of Basic Open-Hearth Practice at an Aus- 
tralian Plant.”’ 

T. Lanp: ‘‘ Thermal Stresses in Ingot Moulds.’’ (Paper No. 20/1943 of 
the Committee on the Heterogeneity of Steel Ingots (submitted by the 
Stresses in Moulds Panel of the Ingot Moulds Sub-Committee, a Joint 
Sub-Committee of the Heterogeneity and Open-Hearth Committees)). 

. LAszxié: ‘‘ Tessellated Stresses.—Part I.”’ 

LAszxé : ‘‘ Graphitisation of Steel Influenced by Tessellated Stresses.”’ 

. H. Myers : ‘‘ A Review of the Work of the Ingot Moulds Sub-Commit- 
tee.”? (Paper No. 19/1943 of the Committee on the Heterogeneity of 
Steel Ingots (submitted by the Ingot Moulds Sub-Committee, a Joint 
Sub-Committee of the Heterogeneity and Open-Hearth Committees)). 

N. J. Perc: ‘‘ The Positions of the Carbon Atoms in Martensite.”’ 

A. Prerce: ‘‘ The Desirability of Removing Sulphur from Gaseous Fuels 
for Heating Ferrous Metal.’’ (Paper No. 10/1943 of the Alloy Steels 
Research Committee). 

G. C. Seager and F. C. Tuompson: ‘‘ The Influence of Temperature on 
the Modulus of Elasticity of some Plain and Alloy Steels.’ (Paper 
No. 9/1943 of the Alloy Steels Research Committee). , 

H. T. Sarrury and E. Exsiorr: ‘‘A Critical Consideration of some 
Applications of the Spectrograph to Steelworks Analysis.”’ (Paper 
No. 18/1943 of the Committee on the Heterogeneity of Steel Ingots 
(submitted by Dr. W. H. Hatfield, F.RB.S8.)). 

L. R. Sranron: ‘‘A Recording Dilatometer for Metal Specimens.”’ 
(Paper No. 7/1942 of the Alloy Steels Research Committee (submitted 
by Professor F. C. Thompson)). 


bd aj tal 


N. Sruart and U. B. Evans: ‘‘ The Effect of Zine on the Corrosion- 
Fatigue Life of Steel.’ (Paper No. 8/1943 of the Corrosion Com- 
mittee). 

F. OC. THompson and N. C. Sana: ‘‘ Thermo-Electric Power of very Pure 


Tron between 20° and 230° C.”’ (Paper No. 8/1943 of the Alloy Steels 
Research Committee). 
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REPORT OF COUNCIL FOR 1942. 


Tue Council submit this, their Annual Report and Statement of 
Accounts for the year 1942 to Members for their approval at the 
Seventy-Fourth Annual General Meeting of The Iron and Steel 
Institute. Information up to 31st March, 1943, has been included 
in some sections of the Report. 

Increased use of all facilities provided by the Institute was made 
during the year by Members and Companies in the iron and steel 
industry. Although the Annual and Autumn Meetings were again 
on the reduced scale suitable to war-time conditions, attendances and 
discussions were good. A number of Meetings with Local Societies 
were again held in accordance with the Council’s policy of providing 
opportunities for technical discussion in steelmaking districts. 

The Journal and Monthly Bulletin of Abstracts were published 
as usual and numerous additions made to the list of translations 
of foreign technical articles which are now provided. The total 
of volumes loaned by the Library increased by 5% over the record 
figure of the previous year, and there was an increase also in the 
number of enquiries dealt with by thé Information Department. 

The Research Committees for which the Institute is responsible 
continued their investigations and issued a number of important 
Reports for publication. The work of these Committees now con- 
stitutes one of the major activities on which the Institute is 
engaged. Although the tendency was for each group of investi- 
gators to meet less frequently, the total number of meetings, at 
seventy-five, exceeded by eleven the number held during the previous 
year. Programmes have been adjusted to meet war-time conditions 
and now consist largely of items of immediate importance. The 
increased interest in the work of these Committees is, in the opinion 
of the Council, satisfactory evidence of the way in which the Institute 
is assisting the industry by encouraging both long-term research 
and the solution of problems of more immediate interest. 


RoLL oF THE INSTITUTE. 


There was an increase of thirty-two in the number of Members 
and, although the total is still below the record reached before the 
war, the position is considered satisfactory in view of the con- 
siderable drop in membership in Continental countries. The 
steady increase in the number of British and Associate Members 
is evidence of the use made of the Institute by metallurgists and those 
engaged in the British iron and steel industry. | Details compared 
with those of the three preceding years are given in Table I. Varia- 
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tions in the Membership since the formation of the Institute in 
1869 are shown in Fig. 1. 


TaBLE I.—Membership at 31st December, 1942, and Preceding 
Three Years. 


31/12/°39. 31/12/"40. 31/12/'41.1 31/12/'42. 
Patron . < : F i] 1 1 1 
Honorary Members , 15 14 15 14 
Life Members i : 68 67 60 60 
Ordinary Members : ? 
Home : : . 1622 1673 1698 1753 
Overseas . ; 3 785 663 515 460 
Associates 5 : . 213 248 262 295 
Total . 3 = 2704 2666 2551 2583 


1 Revised. 

2 The above figures include six Members for 1942 and eight for the other 
years whose names were retained in the List of Members in an honorary 
capacity by order of the Council. 


The current Roll of Members does not include those who have 
been placed on Suspense Lists. The total number placed on these 
owing to absence on military duties or for similar reasons was forty- 
two as at 3lst December, 1942 (compared with thirty as at 31st 
December, 1941). In addition, thirty-two more Members and one 
Associate resident in China and Hong Kong or in occupied or 
neutral countries on the Continent were also placed on a Suspense 
List as from 1st January, 1942, making the total in this category 
two hundred and forty-nine (compared with two hundred and 
twenty-five as at lst January, 1941, after adjustments for deaths and 
reinstatements). The result is that only those Members resident on 
the Continent whose subscriptions have been paid to date are 
included in the current Roll of Members. The number of former 
Members who are enemy aliens and whose membership has terminated 
under By-Law No. 36 was one hundred and twenty-one at 31st 
December, 1942. 

During the year twenty-one Members and one Associate resigned 
and the deaths of twenty-five Members were reported. One 
hundred and thirty-five Members and seventy-eight Associates were 
elected or reinstated; these include thirty-nine Members and ten 
Associates nominated by Companies which subscribe to the Special 
Subscription Fund and_ thirty-three Members and _ thirty-five 
Associates who joined under the scheme of collaboration with the 
Institute of Metals. 

‘As will be seen from Table II., 27% of the total number of 
Members at the end of the year were also Members of the Institute 
of Metals; this compares with 25% at the end of the previous year 


(revised figure). 
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TaBLE II1.—Composition of Membership at 31st December, 1942. 


Home Members. Overseas Members. Total. 


Ordinary.| Joint.2 | Ordinary.} Joint.1 | Ordinary.) Joint.+ 


Patron. : 1 a = rhe 1 
Honorary Members . a 1 8 1 12. 
Life Members. . < 33 6 16 5 49 


Ordinary Members? . | 1353 400 339 121 1692 


Total Peres aL 1391 407 363 127 1754 
Associates 119 142 15 19 134 


Total (classified) . | 1510 549 378 146 1888 


Total membership 2583 


1 Members who are also Members of the Institute of Metals. 
2 Includes six Members whose names were retained in the List of Members 
in an honorary capacity by order of the Council. 


OBITUARY. 


The Council regret to record the deaths of the following twenty- 
two Members which occurred during the year 1942 : 


ALLEN, Watson (Rotherham) . : . 29th February. 
Arua, C. G. (Milnthorpe, Westmorland) . 4th November. 
Brcxet, Dr. F. M. (New York, U.S.A.) —. 1st December. 
BineHaM, JOHN WILLIAM (Sheffield) . . 27th September. 
BrrKBECK, Henry (London) . . . 29th June. 
Boorn, E. M. (Birmingham) . ‘ . 15th May. 
BUTLER, Major B. H. (Leeds) . 29th July. 


GARRETT, G. B. (Cleveland, Ohio, U. S. hee 24th September. 
GLASS, Davin K. (Carmyle, Lanarkshire) . 28rd March. 


Goopison, W.S. (Sheffield) . 13th February. 
Harporp, F. W., C.B.E. (London) (Past 

President) 27th December. 
Luoyp, G. C. (London) (Hon. Secretary) . 10th July. 
LoEwy, L. (Bournemouth) . . 10th October. 
Moss, F.C. (Rotherham) . 17th June. 
Norris, GrEorGE L. (New York, U.S.A. ) . 18th April. 
PRENTION, Captain D. R. C. (Doncaster) g 
Ross, Davip (Stockton-on-Tees) : 23rd October. 
SoHNEIDER, C. P. Euaine ens France) 

(Past- President) : ‘ . 17th November. 
Smirx, R. PERcrvan (Sheffield) | : . 19th March. 
Squire, C. E. (Sheffield) . ; : . 30th September. 
STANFIELD, G. (Sheffield) : 20th November. 


WRAITH, Major m.'Q: Gaiters Southern 
Rhodesia) : 2nd August. 


REPORT OF COUNCIL FOR 1942. 15 P 


The deaths of the following three Members took pla li 
than 1942, but were not previously reported : eee 


Dennis, C. C. (New York, U.S.A.) . . November, 1941. 
ForsBEerG, U. (Gothenburg, Sweden). . 23rd March, 1941. 
Mossorop, A. M. (New York, U.S.A.) . March, 1941. 


Mr. Harbord and Dr. Schneider were Past-Presidents of the 
Institute; Dr. Becket, Mr. Forsberg and Mr. Percival Smith were 
well-known figures among steelmakers in America, in Sweden and in 
Great Britain. Mr. Atha, Mr. Bingham and Mr. Boote had been 
Members for twenty-five years or more, Major Butler, Mr. Mosscrop 
and Major Wraith over thirty years, and Mr. Birkbeck for fifty- 
three years. Mr. Lloyd had been Secretary of the Institute for 
twenty-four years, a longer period than any of his three predecessors. 

Obituary notices will be found in the No. II. volume of the 
Journal for the year. 

Since the end of the year the Council have learned with regret 
of the deaths of Mr. C. J. Bagley and Mr. James A. Farrell, 
Honorary Vice-Presidents, on Ist March and 29th March, 1943, 
respectively. 


FINANCE. 


(The Statement of Accounts for 1942 is attached to this Report.) 


A sound financial position has been maintained in spite of the loss 
of membership and increased costs directly attributable to the War. 
It is the policy of the Council to build up reserves against the additional 
expenditure which will be necessary after the War, and in particular 
to ensure that sufficient sums are available to meet the cost of repairs 
and decorations to the Institute’s building, which cannot now be 
undertaken, and to enable the Library to be brought fully up 
to date. Substantial sums have been placed to the credit of these 
as well as of other reserve accounts. 

General Fund.—As a result of economies made, expenditure 
decreased substantially while income from normal sources, including 
particularly membership subscriptions and sale of J ournals, in- 
creased. After allocating £1095 to various reserve accounts a 
balance of £132 excess of income over expenditure was carried to 
the Balance Sheet. 

Trust Funds.—Few applications for scholarships from the Andrew 
Carnegie Trust Fund were received, with the result that the income 
of this Fund exceeded expenditure by £845. No award of the Williams 
Prize was made during the year, and the income of the Williams 
Prize fund accordingly exceeded expenditure by £122. 

Investments.—The value of investments of the General Fund and 
Trust Funds at the end of the year was £73,752; their market value 
exceeded their cost, at which they are taken into the Balance Sheet, 


by a total of £10,760. 
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House Fund and Industrial Subscriptions—Income from special 
subscriptions was £4506, an increase of £119 over the previous year. 
New subscribers included: William Jessop & Sons, Ltd., and the 
South Wales Siemens Steel Association. 

The Council again wish to express their appreciation of the generous 
response to their appeal for industrial subscriptions. The following 
is a list of Companies and Associations from which contributions 
were received during the year: Edgar Allen & Co., Ltd.; Ashmore, 
Benson, Pease & Co., Ltd.; Babcock and Wilcox, Ltd.; Bairds and 
Scottish Steel, Ltd.; Baldwins, Ltd.; Arthur Balfour & Co., Ltd. ; 
Frederick Braby & Co., Ltd.; Bradley and Foster, Ltd.; The 
Briton Ferry Steel Co., Ltd.; Burnell & Co., Ltd.; The Butterley 
Co., Ltd.: Bynea Steel Works, Ltd.; Colvilles, Ltd.; Consett Iron 
Co., Ltd.; The Darlington Forge, Ltd.; The Darwen and Mostyn 
Tron Co., Ltd.; Darwins, Ltd.; Dorman, Long & Co., Ltd.; English 
Steel Corporation, Ltd.; Thos. Firth and John Brown, Ltd.; 
General Refractories, Ltd.; Guest Keen Baldwins Iron and Steel 
Co., Ltd.; J. J. Habershon & Sons, Ltd.; Hadfields, Ltd.; N. 
Hingley & Sons, Ltd.; William Jessop & Sons, Ltd.; Kayser, 
Ellison & Co., Ltd.; The Lancashire Steel Corporation, Ltd.; Arthur 
Lee & Sons, Ltd.; The Llanelly Steel Co. (1907), Ltd.; John 
Lysaght, Ltd.; McCall & Co. (Sheffield), Ltd.; The Millom and 
Askam Hematite Iron Co., Ltd.; The Mond Nickel Co., Ltd.; 
Neepsend Steel and Tool Corporation, Ltd.; Newton Chambers 
& Co., Ltd.; The Oughtibridge Silica Firebrick Co., Ltd.; The Park 
Gate Iron and Steel Co., Ltd.; The Patent Shaft and Axletree Co., 
Ltd.; Raine & Co., Ltd.; Round Oak Works, Ltd.; Simon-Carves, 
Ltd.; Walter Somers, Ltd.; The South African Iron and Steel 
Industrial Corporation, Ltd.; South Durham Steel and Iron Co., 
Ltd.; The South Wales Siemens Steel Association; The Stanton 
Ironworks Co., Ltd.; The Steetley Lime and Basic Co., Ltd.; 
John G. Stein & Co., Ltd.; Stewarts and Lloyds, Ltd.; John 
Summers & Sons, Ltd.; Tata, Ltd.; Taylor Bros. & Co., Ltd.; 
Richard Thomas & Co., Ltd.; The Tinsley Rolling Mills Co., Ltd. ; 
The Union Steel Corporation (of South Africa), Ltd.; The United 
Steel Companies, Ltd.; The Upper Forest and Worcester Steel 
and Tinplate Works, Ltd.; Vickers, Ltd.; The Wellman Smith 
Owen Engineering Corporation, Ltd.; The Welsh Plate and Sheet 
Manufacturers’ Association; Whitehead Iron and Steel Co., Ltd.; 


The Woodall-Duckham Vertical Retort and Oven Construction Co. 
(1920), Ltd. 


CHANGES ON THE CouUNCIn, 
(T'o 31st March, 1943). 


During the year Mr, Richard Mather (Messrs. Pease and Partners, 
Ltd., and 'The Skinningrove Iron Co., Ltd.) was elected a Member 
of Council. Mr. Joseph Needham Kilby (Messrs. Richard Thomas 
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amd Co., Ltd., Redbourn Works, Scunthorpe), Mr. George Glenn 
(Tinsley Wire Industries, Ltd., Sheffield) and Mr. Albert Wright 
(Messrs. Stewarts and Lloyds, Ltd., Bilston) accepted invitations to 
become Honorary Members of Council during their Presidencies of 
the Lincolnshire Iron and Steel Institute, the Sheffield Metallurgical 
Association and the Staffordshire Iron and Steel Institute in 
succession to Mr. A. Robinson (as from Ist April, 1943), Dr. E. 
Gregory (as from Ist January, 1943) and Mr. G. R. Bashforth (as 
from 12th June, 1942), respectively. 

In accordance with Bye-Law No. 10, the names of the following 
Vice-Presidents and Members of Council were announced at the 
Autumn Meeting as being due to retire at the Annual General 
Meeting in 1943 : 


Vice-Presidents: Mr. Arthur Dorman, Mr. J. S. Hollings 
and Mr. Fred Clements. 

Members of Council: Professor J. H. Andrew, Mr. P. B. 
Brown, Mr. J. R. Menzies-Wilson, Captain H. Leighton Davies, 
C.B.E., and Mr. I. F. L. Elliot. 


No other Members having been nominated up to one month 
previous to this Annual Meeting, the retiring Members are presented 
for re-election. 

BESSEMER GOLD MEDAL. 


The Bessemer Gold Medal for 1942 was awarded to Mr. Eugene 
Gifford Grace, Eng.D. (President of the Bethlehem Steel Corpora- 
tion), in recognition of the great services which he had rendered 
to the iron and steel industries in America and in appreciation of his 
work in fostering scientific and technical collaboration between the 
industries in Great Britain and the United States. 


Honorary MEMBER. 


The President announced at the Annual Meeting that the Council 
had invited Mr. Harry Brearley, of Sheffield, a Bessemer Gold 
Medallist, to become an Honorary Member. 


ANDREW CARNEGIE Mepau. WILLIAMS PRIZE. 


No award of the Andrew Carnegie Medal or of the Williams 
Prize was made during the year. 


SHEFFIELD UNIVERSITY : “Typ IRON AND STEEL INSTITUTE i 
PRIZE. 


When the Degree Course in Foundry Metallurgy at Sheffield 
University was instituted in 1934, the Council of the Institute 
offered an annual Prize, to a value not exceeding ten guineas, to be 
awarded to the best student of the year, as shown by the marks 
gained in the Final Examination; the Prize was made available for 

1943—i fo) 
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five years in the first instance, its continuation to be considered by 
the Council of the Institute after the close of that period. 
The first occasion on which the Prize was awarded was 1938, and 
the following students have won the Prize in that and subsequent 
ears : 

i 1938 Vincent J. D. Hill. 

1939 William H. Moore. 

1940 No Award. 

1941 J. H. Woodhead. 

9 fu. G. Finch. 
heer {p K. Gledhill. 


ANDREW CARNEGIE RESEARCH SCHOLARSHIPS. 


Grants were made by the Council in 1942 to the following 
candidates : 


H. J. Meronant (Messrs. 8S. D. F. (Kidderminster), Ltd., Kidder- 
minster)—£100 in aid of an investigation of the attributes of electrolytic 
polishing for ferrous metallography. 

B. H. Mason (Stockholm University, Sweden)—£50 in aid of an in- 
vestigation of the FeOQ—Fe,O,-MnO-—Mn,0O, system. 


Tur WoRSHIPFUL CoMPANY OF BLACKSMITHS. 


No recommendation for admission to the Worshipful Company 
of Blacksmiths was made during the year. 


Honours CONFERRED ON MEMBERS. 
(To 3lst March, 1948). 


The Council tender their warm congratulations to the following 
Members of the Institute on honours and appointments received 
during the period under review : 


Batrour, The Hon. Roperr A. Re-elected Senior Warden 
of the Cutlers’ Company. 

Brieas, A.G. E. Appointed Deputy Controller, Iron and Steel 
Supplies, Ministry of Supply. 

Brown, Engineer Vice-Admiral Sir Haroztp. Appointed 
Senior Supply Officer, Ministry of Supply. 

Bruck-GARDNER, Sir CHARLES. Appointed Chairman of a 
Board set up by the Ministry of Aircraft Production 
to advise on the economic use of man-power in the 
aircraft industry. 

Burton, G. D. Created a Knight Bachelor. 

CaMPBELL, Major J. M., O.B.E., M.C. Appointed Joint 
Deputy Controller, Raw Materials, Iron and Steel 
Control, Ministry of Supply. 
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Cutpman, Dr. Joun. Selected to deliver the Campbell Mem- 
eee Lecture to the American: Society of ' Metals, 

CxLaRK, Major R. P. Awarded the Greek Medal. 

CotctoueH, Dr. T. P. Appointed Technical Adviser to the 
Tron and Steel Control, Ministry of Supply. 

Dorey, Dr. S. F. Member of a Ministry of Supply Panel to 
study air-conditioning of vehicles, particularly tanks. 

Dunpar, A. Created a Knight Bachelor. Appointed Con- 
troller-General, Ministry of Aircraft Beaduction. 

Dunoanson, J. M. Created a Knight Bachelor. Appointed 
Controller of Iron and Steel, Ministry of Supply. 

Ettts, Professor O.W. Awarded the Duggan Medal and Prize 
of the Engineering Institute of Canada for his paper 
on “ The Forgeability of Metals.” 

FrarnenoucH, W. Appointed a Justice of the Peace for 
Sheffield. 

Guenn, G. Elected President of the Sheffield Metallurgical 
Association. 

Gove, Dr. H. J., M.B.E., F.RS. Created a Companion of 
the Order of the Bath. 

Gregory, Dr. E. Elected Member of Council of the Institu- 
tion of Engineering Inspection. 

Hosxtson, T. Elected Honorary Treasurer of the Stafford- 
shire Iron and Steel Institute. 

Hurst, Dr. J. E. Elected Junior Vice-President of the Staf- 
fordshire Iron and Steel Institute. 

Hutton, Professor R. S. Elected Prime. Warden of the 
Worshipful Company of Goldsmiths for the year 
1942-43. 

Kitsy, J. N. Elected Chairman of the Lincolnshire Iron- 
masters’ Association and President of the Lincolnshire 
Tron and Steel Institute. 

- Layooox, Corry. Appointed Justice of the Peace for Sheffield. 

Lea, Professor F. C. Elected President of the Institution of 
Mechanical Engineers. 

Le Taw, 8. H. Elected President of the Crucible Steelmakers’ 
Association. 

Lewis, Esstneton. Appointed Director General of Aircraft 
Production in the Commonwealth of Australia. 

Lysacut, Desmonp R. Appointed Sheriff of Monmouthshire 
for 1942. 

McCancn, Dr. A. Appointed a Member of the Advisory Coun- 
cil to the Committee of the Privy Council for Scientific 
and Industrial Research. Elected a Fellow of the 
Royal Society. 


McCosu, A. K. Elected a Vice-President of the Mining 
Association of Great Britain. ; 
TORY 
RESEARCH (YG) LABORATO 


OP 


REPORT OF COUNCIL FOR 1942. 


Merica, Dr. P. D. Awarded the Franklin Gold Medal jointly 
with Professor J. C. Hunsaker. Elected an Honorary 
Member of the Franklin Institute. 

Moors, Dr. Haron, C.B.E. Awarded the Institute of Metals 
Platinum Medal for 1943. 

NisHawan, Dr. B. Ras. Appointed Assistant Inspection 
Officer, Government Metallurgical Inspectorate (Gov- 
ernment of India), Tatanagar. 

Preece, A. Appointed Senior Lecturer in Xetallurgy in the 
University of Leeds. 

Rees, Epaar G. Elected President of the National Federa- 
tion of Iron, Steel and Metal Merchants. Re-elected 
President of the Monmouthshire Iron and Steel Scrap 
Merchants’ Association. 

RIVERDALE OF SHEFFIELD, The Right Hon. Lord, LL.D. 
Created a Knight Grand Cross of the Order of the 
British Empire. 

SankKEY, Colonel H. B. Appointed Regional Controller of 
Production for the Midlands. 

Sentor, Major E. W., J.P. Re-elected Searcher of the Cutlers’ 
Company for the year. Appointed a Member of the 
Combined Steel Committee. 

SuMMERS, GEOFFREY, D. L. Created a Commander of the 
Order of the British Empire. 

Syxes, Dr. C. Elected a Fellow of the Royal Society. 

Tuomas, B. Elected Senior Vice-President of the Staffordshire 
Tron and Steel Institute. 

TuRNER, T. Henry. Awarded the Thomas Howe Gray Prize 
for 1942 by the Institution of Mechanical Engineers for 
his paper on “ Corrosion of Boiler, Tubes.”’ 

WarerHoussE, Dr. G. B. Transferred from War Production 
Board to Lease-Lend Administration, Washington ; 
special consultant on iron, steel and other metals. 

WHEELER, C. R. Appointed Joint Deputy Controller, Raw 
Materials, Iron and Steel Control, Ministry of 
Supply. 

WrnpEr, A. B. Created a Knight Batchelor. Re-elected 
Searcher of the Cutlers’ Company for the year. 
Appointed Justice of the Peace for Sheffield. 

Wo rr, Lieut.-Colonel M. A., O.B.E. Appointed a Magistrate 
of the City of Birmingham. 

Woop, W. W., J.P. Re-elected Master Cutler for 1942-48 ; 
fourth term of office. : 

Wricut, A. Elected President of the Staffordshire Iron and 
Steel Institute. 

Wricut, Colonel Sir W. Cuartss, Bt., K.B.E., C.B. Created 


a Knight Grand Cross of the Order of the British 
Empire. 
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A number of Members continued to serve in the Iron and Steel 
Control and in other Departments of the Ministry of Supply, &c. 
Colonel Sir W. Charles Wright, Bt., G.B.E., C.B., resigned his position 
as Controller of Iron and Steel, and was succeeded by Sir John 
Duncanson; owing to the latter’s absence on a mission, Sir Charles 
again undertook the duties of Controller. Mr. A. K. McCosh 
resigned his position of Deputy Controller, Raw Materials, Iron and 
Steel Control, and was succeeded by Major J. M. Campbell, O.B.E., 
M.C., and Mr. C. R. Wheeler, as Joint Deputy Controllers. Mr. 
A. G. E. Briggs was appointed Deputy Controller, Iron and Steel 
Supplies. 

STAFE. 

The Council wish to express their appreciation of the services 
rendered by the Secretary and staff which have enabled the work 
of the Institute to be continued in spite of substantial reduction 
in the number of those employed. Lieut. H. Davisofi was promoted 
captain in the Pioneer Corps, and Mr. H. G. Hale was granted a 
commission in the Royal Artillery. Miss M. J. Bradford joined the 
Auxiliary Territorial Service. ; 


MEETINGS. 


@& Annual Meeting. 

The Annual Meeting was held at the Offices of the Institute, 
4 Grosvenor Gardens, London, 8.W.1, on Thursday, 7th May, 1942. 
Mr. John Craig, C.B.E., D.L., President, was in the Chair at the 
- beginning of the proceedings, his place being taken later by Mr. 
James Henderson, President-Elect. Eleven papers, including six 
submitted under the auspices of Joint Research Committees of the 
Institute and the British Iron and Steel Federation, were presented, 
and four papers were discussed during the Meeting. 


Autumn Meeting. 

The Autumn Meeting of the Institute was held at the Royal 
Victoria Station Hotel, Sheffield, on Thursday, 10th December, 
1942, the President, Mr. James Henderson, being in the Chair. 
By arrangement, the Meeting was a Joint Meeting with the Sheffield 
Society of Engineers and Metallurgists, the Sheffield Metallurgical 
Association and the Sheffield Branches of the Institute of British 
Foundrymen and the Refractories Association of Great Britain. 
Seventeen papers were presented, including eleven submitted by 
- Joint Research Committees of the Institute and the British Iron and 
Steel Federation, and six were discussed at the Meeting. 


RELATIONS WITH OTHER SOCIETIES AND TECHNICAL INSTITUTIONS, 


(For the period 1st April, 1942, to 31st March, 1943.) 


As far as war-time conditions permitted, friendly relations were 
maintained with Scientific Societies and Technical Institutions in the 
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Dominions, allied and neutral countries. In particular, close contact 
was maintained with Societies in the U.S.A. and the Council wish 
to record their pleasure in having been able to welcome a number of 
distinguished Americans visiting this.country on official missions. 
Close collaboration with the Institute of Metals was continued on the 
lines of previous years, and it is the policy of both Councils to extend 
this in as far as the interests of the Members of the two Institutes 
are concerned. Five hundred and thirty-four Members and a 
hundred and sixty-one Associates were also Members of the Institute 
of Metals, an increase of fifty-two over the total of six hundred and 
forty-three reported a year ago (revised figure; not eight hundred 
and sixty-one as previously stated). 

Friendly contact with other Scientific Societies and Technical 
Institutions in Great Britain was also maintained, and in particular 
the Council record with pleasure the continued friendly relations 
existing with the following Societies on the same basis as in previous 

ears : 

: Cleveland Institution of Engineers. 
Ebbw Vale Metallurgical Society. 
Lincolnshire Iron and Steel Institute. 
Manchester Metallurgical Society. 
Newport and District Metallurgical Society. 
Sheffield Metallurgical Association.” 
Sheffield Society of Engineers and Metallurgists. 
Staffordshire Iron and Steel Institute. 
Swansea Technical College Metallurgical Society. 
West of Scotland Iron and Steel Institute. 


Joint Meetings. 


The following are particulars of Joint Meetings held with Local 
Societies : 


Tuesday, 19th May, 1942 : The Sheffield Society of Engineers and Metal- 
lurgists, The Sheffield Metallurgical Association and The Refractories 
Association of Great Britain. 


Place and Time: Royal Victoria Station Hotel, Sheffield, at 


5.30 P.M, 


Charman : Dr. W. H. Hatfield, F.R.S., Vice-President of The 
Iron and Steel Institute; President of The Sheffield 
Society of Engineers and Metallurgists. 


Subject for Discussion : ‘* Open-Hearth Furnace Refractories,”’ 
in two parts, (a) “ Dolomite Bricks ”’ and (b) ‘‘ Open-Hearth 
Roofs, including Temperature Control.’? The discussion ‘ 
was based on the following recent publications of the 
Institute : 

(a) Dolomite Bricks. 

(1) “ The Stabilisation of Dolomite—Laboratory Studies,”’ 
introduced by Dr. J. R. Rait. (Basis: Section B, 
Paper No, 2 of the “ Second Report on Refractory 
Materials’” (The Iron and Steel Institute, 1942, 
Special Report No. 28).) 
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(2) ‘‘ Dolomite Bricks for Use in Steelworks,’’ introduced 
by Dr. T. Swinden. (Basis: ‘“‘ Dolomite Bricks for 
Use in Steelworks,’ by T. Swinden, D.Met., and 
J. H. Chesters, Ph.D., B.Sc. (Journal of The Iron 
and Steel Institute, 1941, No. I1., pp. 105p—118pP).) 


(3) ‘‘Semi-Stable Dolomite Bricks,” introduced by Dr. 
W.J. Rees. (Basis: Section B, Paper No. 3 of the 
** Second Report on Refractory Materials.’’) 


(b) Open-Hearth Roofs, including Temperature Control, 
introduced by Dr. T. Swinden. 


(4) ‘“‘ Low-Temperature Roof Pyrometry.—Thermocouple 
Control in Heating up Furnaces,”’ introduced by 
Mr. T. R. Lynam. (Basis: ‘‘ A Co-operative In- 
vestigation of the Factors influencing the Durability 
of the Roofs of Basic Open-Hearth Furnaces ” 
(Journal of The Iron and Steel Institute, 1941, No. A ys 
pp. 203P—262P).) 

(5) ‘ High-Temperature. Roof Pyrometry.—The Use of 
Roof Pyrometers in Maturing the Roof_and In- 
creasing its Life,’ introduced by Mr. A. E. Dodd. 
(Basis : The above-mentioned paper on Basic Open- 
Hearth Roofs.) 

(6) ‘‘ The Microstructure of Used Roof Bricks,’’ introduced 


by Mr. W. Hugill. (Basis: Section VI. of the above- 
mentioned paper on Basic Open-Hearth Bricks.) 


Wednesday, 24th June, 1942: The Sheffield Society of Engineers and 
Metallurgists, The Sheffield Metallurgical Association and The South, 
Yorkshire Section of The Institute of Chemistry. 


Place and Time : Royal Victoria Station Hotel, Sheffield, at 
7 P.M. 

Chairman : Dr. W. H. Hatfield, F.R.S., Vice-President of The 
Tron and Steel Institute ; President of The Sheffield Society 
of Engineers and Metallurgists. 


Papers : 

“ First Report of the Standard Methods of Analysis Sub- 
Committee.’? (Presented by Dr. EH. Gregory, Chair- 
man of the Sub-Committee.) 

“ On the Carbide and Nitride Particles in Titanium Steels,” 
by W. Hume-Rothery, M.A. (Oxon.), D.Sc. (Oxon.), 
F.R.S., G. V. Raynor, M.A. (Oxon.), Ph.D. (Oxon.), 
and A. T. Little, B.Sc. (Glasgow). (Presented by 
Dr. A. H. Jay.) 


Wednesday, 30th September, 1942 : Manchester Metallurgical Society. 


Place and Time : The Engineer’s Club, Albert Square, Man- 
chester, at 6.30 P.M. 
Chairman: Mr. J. Sinclair Kerr, Member of Council of The 
Tron and Steel Institute. 
Paper: 
‘The Work-Hardening and Ageing of Steel,’ by Professor 
J. H. Andrew, D.Sc., and H. Lee, Ph.D., B.Eng. 
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Saturday, 24th October, 1942: The Sheffield Society of Engineers and 
Metallurgists and The Sheffield Metallurgical Association. 


Place and Time: Royal Victoria Station Hotel, Sheffield, at 
2.30 P.M. 


Chairman : Dr. W. H. Hatfield, F.R.S., Vice-President of The 
Iron and Steel Institute ; President of The Sheffield Society 
of Engineers and Metallurgists. 


Papers : 
‘““The Determination of the Solubility of Hydrogen in Iron 
and Iron Alloys,’ by Professor J. H. Andrew, D.Sc., 


H. .Lee, B.Eng., Ph.D., and A. G. Quarrell, B.Sc., 
Ph.D. 


“The Formation of Hair-Line Cracks.—Part I.,’’ by Pro- 
fessor J. H. Andrew, D.Sc., A. K. Bose, B.Met., G. A. 
Geach, M.Sc., Ph.D., and H. Lee, B.Eng., Ph.D. 


‘* The Formation of Hair-Line Cracks.—Part II.,”? by Pro- 
fessor J. H. Andrew, D.Sc., A. K. Bose, B.Met., Ph.D., 
H. Lee, B.Eng., Ph.D., and A. G. Quarrell, Ph.D., 
F.Inst.P: 


Tuesday, 17th November, 1942 : The Lincolnshire Iron and Steel Institute. 
Place and Time : The Modern School, Cole Street, Scunthorpe, 
Lincolnshire, at 7.30 P.M. 
Chairman : Mr. A. Robinson, President of The Lincolnshire 
Iron and Steel Institute. 
Papers : 


“The Linings of Large Basic Open-Hearth Tilting Fur- 
naces,”’ by A. Jackson. 


‘Investigations on ‘ Falling’ Blast-Furnace Slags,’’ by 
T. W. Parker, M.Sc., Ph.D., A.I.C., and J. F. Ryder, 
B.Sc. 


Monday, 14th December, 1942 : The Cleveland Institution of Engineers. 


Place and Time : The Cleveland Scientific and Technical Insti- 
tute, Corporation Road, Middlesbrough, at 6.30 P.m. 


Chairman : Mr. L. F. Wright, President of The Cleveland In- 
stitution of Engineers. 


Paper: 


“The Linings of Large Basic Open-Hearth Tilting Fur- 
naces,’’ by A. Jackson. 


Thursday, 4th February, 1943 : The Staffordshire Iron and Steel Institute. 


Place and Time: The Dudley and Staffordshire Technical 
College, The Broadway, Dudley, at 6.45 p.m. 


Chairman : Mr. A. Wright, President of The Staffordshire Iron 
and Steel Institute. 


Lecture : On “‘ Rimming Steel’ by Mr. James Mitchell. 


‘ 
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Saturday, 18th February, 1948: The Sheffield Metallurgical Association 
The Sheffield Society of Engineers and Metallurgists and th ‘ 
Yorkshire Section of The Institute of Chemistry. oe Sone 


Place and Time : The Royal Victoria Station Hotel, Sheffield, 
at 2.30 P.M. 


Chairman : Dr. W. H. Hatfield, F.R.S., Vice-President of The 
Iron and Steel Institute ; President of The Sheffield Society 
of Engineers and Metallurgists. 

Paper : 
*“ A Critical Consideration of some Applications of the 


Spectrograph to Steelworks Analysis,” by H. T. 
Shirley, B.Sc., A.R.C.S., and E. Elliott, A.Met. 


Thursday, 25th February, 1948 : The Ebbw Vale Metallurgical Society. 
Place and Time : The Workman’s Hall, Ebbw Vale, at 7 P.M. 
Chairman : Mr. Norman R. James, Chairman of The Ebbw Vale 

Metallurgical Society. 
Lecture : On ‘‘ Rimming Steel’’ by Mr. James Mitchell. 


Local Members of the Institute were invited to attend a Meeting 
of the Sheffield Society of Engineers and Metallurgists at the Royal 
Victoria Station Hotel, Sheffield, on 26th September, 1942, at 
2.30 p.m., when Dr. H. Sutton (Royal Aircraft Establishment, 
Farnborough) gave a lecture on ‘‘ Steels in German Aero-Engines 
and Aircraft.” 

In addition, the Institute took part in a Meeting organised by 
the Sheffield Metallurgical Association at the Sheffield Metallurgical 
Club, 198 West Street, Sheffield, on 10th October, 1942, at 2.30 P.m., 
at which Dr. W. H. Hatfield, F.R.S. (Vice-President of the Institute), 
gave an address on ‘‘ The Rationalisation of Specifications to Meet 
War-Time Needs.” 

Members resident in the Sheffield district were also invited to 
attend a Meeting of the Sheffield Society of Engineers and Metal- 
lurgists at the Royal Victoria Station Hotel, Sheffield, on 12th 
December, 1942, at 2.30 p.m., at which a lecture on ‘** Economic 
Utilisation of Alloy Steel Scrap” was given by Mr. H. Bull (Messrs. 
Brown, Bayley’s Steel Works, Ltd., Sheffield). 

The Meetings were well supported and the discussions interesting. 
The Council deSire once again to put on record their thanks to the 
Presidents, Councils and Secretaries of the Local Societies, as well 
as to the authors of the papers. 


PUBLICATIONS. 


Papers and Committee Reports.—T'wo volumes of the Journal 
and Special Report No. 28, ““ Second Report on Refractory Materials,’ 
were published during the year. The two issues of the Journal 
contained Mr. Henderson’s Presidential Address, twelve papers 
issued under the auspices of the Joint Research Committees of The 
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Tron and Steel Institute and The British Iron and Steel Federation, 
four Sub-Committee Reports and eleven papers, as follows : 


Jamis HenpERSON: “‘ Presidential Address.” : a nf 

“First Report of the Standard Methods of Analysis Sub-Committee. 
(Paper No. 11/1942 of the Committee on the Heterogeneity of Steel 
Ingots (submitted by the Standard Methods of Analysis Sub-Com- 
mittee)). 

i ‘deem Painting of Structural Steel.” By the Protective Coatings 
Sub-Committee. (Paper No. 5/1941 of the Corrosion Committee 
(submitted by the Protective Coatings Sub-Committee)). 

‘“‘Second Report of the Moulding Materials Sub-Committee.” (Paper 
No. 3/1942 of the Steel Castings Research Committee (submitted 
by the Moulding Materials Sub-Committee)). : 

“Third Report of the Liquid Steel Temperature Sub-Committee.” 
(Paper No. 9/1942 of the Committee on the Heterogeneity of Steel 
Ingots (submitted by the Liquid Steel Temperature Sub-Com- 
mittee)). 

Professor : H. Anprew, D.Sec., A. K. Bosz, B.Met., G. A. GEACH, 
M.Se., Ph.D., and H. Lez, B.Eng., Ph.D. (The University of Shef- 
field): ‘‘The Formation of Hair-Line Cracks. Part I.’’ (Paper 
No. 5/1942 of the Alloy Steels Research Committee (submitted by 
the Hair-Line Crack Sub-Committee)). 

Professor J. H. ANDREW, D.Sc., A. K. Bost, B.Met., Ph.D., H. Ler, 
B.Eng., Ph.D., and A. G. QUARRELL, Ph.D., F.Inst.P. (The Uni- 
versity of Sheffield): ‘‘ The Formation of Hair-Line Cracks.—Part 
Il.’”’ (Paper No. 6/1942 of the Alloy Steels Research Committee 
(submitted by the Hair-Line Crack Sub-Committee)). 

Professor J. H. ANDREW, D.Sc., and H. Len, Ph.D., B.Eng. (The Uni- 
versity of Sheffield): ‘“‘ The Work-Hardening and Ageing of Steel.”’ 

Professor J. H. ANDREW, D.Sc., H.Ler, B.Eng., Ph.D., and A. G. 
QUARRELL, B.Sc., Ph.D. (The University of Sheffield): ‘‘ The 
Determination of the Solubility of Hydrogen in Iron and Iron 
Alloys.” (Paper No. 4/1942 of the Alloy Steels Research Com- 
mittee (submitted by the Hair-Line Crack Sub-Committee)). 

Professor J. H. ANDREW, D.Sc., and H. T. ProrHEron, B.Sc. (The Uni- 
versity of Sheffield): ‘‘ Investigation of the Influence of Mould 
Friction on Tearing in Castings.’’ (Paper No. 2/1941 of the Steel 
Castings Research Committee). 

D. Binnie, Ph.D. (Lancashire Steel Corporation, Ltd., Irlam, near 
Manchester): ‘‘ An Ingot of Rimmed Steel made by the Basic 
Open-Hearth Process.” (Paper No. 13/1942 of the Committee on 
the Heterogeneity of Steel Ingots). 

G. R. Botsover and 8, BarractouGH (Messrs. Samuel Fox & Co., Ltd.) : 
“The Inftuence of Tin on Alloy Steels.” 

H. J. Gonpscumipt, M.Sc. (Research Department, Messrs. Willia: 
Jessop & Sons, Ltd., Sheffield): ‘‘ The Crystal Structures of Fe, 
FeO and Fe,O0, and their Interrelations.”’ 

J. C. Hupson, D.Sc., A.R.C.S., T. A. Banrrenp, Ph.D., A.R.C.S., and 
H. A. Hoxtpen, B.Sec:, A.R.C.S. (Birmingham): ‘“ Tests on the 
Corrosion of Buried Ferrous Metals.’’ (Paper No. 6/1942 of the 
Corrosion Committee (submitted by the Sub-Committee on the 
Corrosion of Buried Metals)). 

Witu1amM Humr-Rorumry, M.A. (Oxon.), D.Sc. (Oxon.),” FERS: 
GEOFFREY VincENT Raynor, M.A. (Oxon.), Ph.D. (Oxon.), and 
ALEXANDER TorRANCE LittiE, B.Sc. (Glasgow) (Inorganic Chemis- 
try Laboratory, University Museum, Oxford): ‘‘ On the Carbide 
and Nitride Particles in Titanium Steels.” 

Wir1t14mM Hums-Rornery, M.A. (Oxon.), D.Sc. (Oxon.), F.R.S., 
Grorrrey Vincent Raynor, M.A. (Oxon.), Ph.D. (Oxon.), and 
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ALEXANDER TORRANCE LITTLE, B.Sc. (Glasgow) (Inorganic Chemis- 
try Laboratory, University Museum, Oxford): ‘The Lattice 
Spacings and Crystal Structure of Cementite.”’ 

A. Jackson (Appleby-Frodingham Steel Co., Ltd., Scunthorpe): ‘“‘ The 
Linings of Large Basic Open-Hearth Tilting Furnaces.” 

H. M. Jenxtns, D.Sc., G. A. Mettor, M.Sce., and E. A. JENKINSON, 
B.Sc. (National Physical Laboratory, Teddington): ‘‘ Investigation 
of the Behaviour of Metals under Deformation at High Tempera- | 
tures. Part II.—Structural Changes in Carbon Steels caused by 
Creep and Graphitisation.”’ 

. A. Lemon, M.I.Mech.E., and Huexu O’Nerin1, M.Met., D.Sc. (London, 
Midland and Scottish Railway Company, Derby): ‘‘ The Produc- 
tion in Rotary Furnaces of Steel for Castings,’’ with Appendices by 
T. FLeToHerR and J. N. Brapiey, A.R.S.M., B.Sc. 

. MrronEett (Messrs. Stewarts and Lloyds, Ltd.): ‘‘ Rimming Steel. 
Comparative Study of Three Ingots received from Soc. Anon. des 
Hauts Fourneaux, Forges et Aciéries de Denain et d’Anzin at 
Denain, France.’ (Paper No. 12/1942 of the Committee on the 
Heterogeneity of Steel Ingots). 

J. Mrrconeti (Messrs. Stewarts and Lloyds, Ltd.): “ Rimming Steel. 
Report on Four Ingots of Basic Bessemer Steel.’ (Paper No. 14/ 
1942 of the Committee on the Heterogeneity of Steel Ingots). 

D. A. OxtveR, M.Sc., F.Inst.P., and T. Lanp, M.A. (Research Depart- 
ment, Messrs. Wm. Jessop & Sons, Ltd., Sheffield): “*‘ The Tem- 
perature Distribution in the Liquid Steel in Various Steelmaking 
Furnaces.” (Paper No. 10/1942 of the Committee on the Hetero- 
geneity of Steel Ingots (submitted by the Liquid Steel Temperature 
Sub-Committee)). , 

T, W. Parker, M.Sc., Ph.D., A.I.C., and J. F. Ryprr, B.Se. (Building 
Research Station, D.S.I.R., Garston, Herts.): ‘“‘ Investigations on 
‘Falling’ Blast-Furnace Slags.”’ 

. J. Purcu, B.Sc., B.Met. (Cavendish Laboratory, Cambridge): “ The 
Positions of the Carbon Atoms in Austenite.”’ 

. ScuuBERT, M.A., D.Phil. (Reading University): “The First Cast- 
Tron Cannon made in England.” : 
T. SwInDEN, D.Met. (Director of Research, The United Steel Companies, 
Ltd., Stocksbridge, near Sheffield): ‘‘ Rimming Steel.—Additional 
Studies of the Composition Variation from Outside to Centre.’ 
(Paper No. 15/1942 of the Committee on the Heterogeneity of Steel 

Ingots). 

Aes pers D.Met., and W. W. StrEvenson, A.I.C. (The United Steel 
Companies, Ltd., Stocksbridge, near Sheffield): ‘‘ A Note on Dif- 
fusion in Rimming Steel on Soaking at about 1300° C.”’ (Paper 
No. 16/1942 of the Committee on the Heterogeneity of Steel Ingots). 

R. §. THorNuILL, Ph.D., and U. R. Evans, Sc.D. (Cambridge Univer- 
sity): ‘‘ A Study of some Soluble Inhibitors, with Special Reference 
to Heat Transfer and Water-Line Attack.” (Paper No. 7 /1942 of 
the Corrosion Committee). 


The Bulletin of The Iron and Steel Institute was published 
monthly during the year; as usual it was reprinted as Section I. 
of the Journals issued for the corresponding periods. The Bulleton 
is supplied free of charge to Members on apres the subscrip- 
tion rate to non-members is 30s. per annum ($6 to members of the 
American Iron and Steel Institute, the American Institute of Mining 
and Metallurgical Engineers and the American Society for Metals). 

Translation Service.—Translations of fifty-five foreign technical 
papers were prepared and included in the Institute’s Translation 
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ty 
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Series; they are obtainable by Members at 10s. each (5s: for each 
additional copy of the same translation). 

Members requiring translations of foreign technical papers 
are invited to communicate withthe Secretary. Those that are 
suitable will be included in the Translation Series and will be 
supplied at the rates indicated above; it may be possible to prepare 
others at the Member’s expense. 

In recent volumes of the Jowrnal the translations issued during 
the period covered by the volume have been listed on pages preceding 
the title page. 


JoINTtT LIBRARY AND INFORMATION DEPARTMENT. 
Joint Library. 


It is the policy of the Council to keep the Joint Library as fully 
up to date as circumstances permit, and accordingly increased 
funds have been made available for the purchase of text-books 
and periodicals. The Council wish to take this opportunity of 
thanking those from whom presentations were received. A list of 
the additions made to the Library is issued quarterly and copies 
will be sent to Members on request. Arrangements were made to 
enable certain German technical periodicals to be available for loan, 
and translations of these can be supplied; a number of German 
text-books were purchased. Good use was again made of the Library 
by Companies and Government Departments as well as by Members 
of the Institute and of the Institute of Metals; 6284 volumes were 
sent out on loan during 1942, an increase of 5°{ on the former record 
number of 5949 during the previous year. The majority of articles 
abstracted in the Bulletin of The Iron and Steel Institute are filed in 
the Library and are available on loan. The original articles can 
in most cases be purchased for Members on request, and photographic 
copies can be supplied under certain conditions. 


Micro-Film Service. 


A service for the supply of micro-films was started in conjunction 
with ASLIB and the Science Library, South Kensington. By the 
generosity of the Rockefeller Foundation a number of reading 
instruments were placed at the disposal of the Royal Society. 
One of these instruments was allocated to The Iron and Steel In- 
stitute and placed in the Joint Library, so that it is now possible 
for Members and repxesentatives of Companies either to read 
micro-films in the reading room or to obtain them for use with their 
own instruments. Members in possession of micro-film copies of 
foreign technical journals are invited to deposit them in the Library 


and to give permission to make them available to others wishing to 
inspect them. 
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Collaboration with the Institute of Civil Engineers and the Science 
Inbrary. 


The valuable collections of scientific works included in the 
Science Library and the Library of The Institution of Civil Engineers 
are available for consultation or loan under certain conditions. 
Members who wish to avail themselves of these facilities should 
communicate with the Librarian of the Joint Library, 4 Grosvenor 
Gardens, London, 8.W.1. 


I nformation Department. 


The Information Department has dealt with an increased 
number of enquiries, and bibliographies have been compiled at 
the request of Members. Members are invited to avail themselves 
of the bibliographical and information services. 


RESEARCH. 


Collaboration with the Iron and Steel Industrial Research 
Council was continued on the same basis as in former years. 

The following is a list of the Joint Committees of the Institute 
and the British Iron and Steel Federation, reporting to the Iron 
and Steel Industrial Research Council, and of their Sub-Committees ; 
the number of meetings recorded in 1942 was 75 (56 in 1939; 59 in 
1940; 64 in 1941): 


Alloy Steels Research Committee : Chairman, Dr. W. H. Hatfield, F.R.S. 
Established June, 1934. Meetings held during 1942: four. 


Thermal Treatment Sub-Committee: Chairman, Mr. P. B. 
Henshaw. Established January, 1936. No meetings held 
during 1942; activities carried on by correspondence. 


Hair-Line Crack Sub-Committee : Chairman, Dr. W. H. Hatfield, 
F.R.S. Established July, 1938. Meetings held during 
1942: four. 


Special Aero-Components Sub-Committee : Chairman, Dr. W. 4H. 
Hatfield, F.R.S. Established July, 1940. Meetings held 
during 1942: (not recorded). 


Corrosion Committee : Chairman, Dr. W. H. Hatfield, F.R.S. Estab- 
lished July, 1928. Meetings held during 1942: four. 

Laboratory (Corrosion) Research Sub-Committee : Chairman, 
Dr. U. R. Evans; Acting Chairman, Dr. G. D. Bengough, 
F.R.S. Established June, 1930. No meetings held during 
1942; activities carried on by correspondence. 

Protective Coatings Sub-Committee: Chairman, Mr. T. M. 
Herbert. Established January, 1936. Meetings held 
during 1942: two. 

Marine Corrosion Sub-Committee : Chairman, Dr. G. D. Ben- 
gough, F.R.S. Re-formed November, 1938. Meetings 
held during 1942: nine. 

Sub-Committee on Low-Alloy Steels : Established June, 1938. 
No meetings held during 1942; activities carried on by 
correspondence. 
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Sub-Committee on the Corrosion of Buried Metals (working in 
collaboration with the Committee on Soil Corrosion of 
Metals and Cement Products of The Institution of Civil 
Engineers): Established October, 1937. No meetings held 
during 1942; activities carried on by correspondence. 


Heterogeneity of Steel Ingots Committee : Chairman, Dr. W. H. Hatfield, 
F.R.S. Established May, 1924. Meetings held during 1942: four. 


Ingot Moulds Sub-Committee (formed jointly by the Committee 
on the Heterogeneity of Steel Ingots and the Open-Hearth 
Committee of the Iron and Steel Industrial Research 
Council): Chairman, Mr. R. H. Myers. Established 
November, 1934. Meetings held during 1942: two. 
(Stresses in Moulds Panel, one.) 


Joint Sub-Committee on the Physical Chemistry of Steelmaking 
(formed jointly by the Committee on the Heterogeneity of 
Steel Ingots and the Open-Hearth Committee.of the Iron 
and Steel Industrial Research Council): Chairman, Dr. T. 
Swinden. Established, 1938. No meetings held during 
1942. 


Liquid Steel Temperature Sub-Committee : Chairman, Mr. E. W. 
Elcock. Established March, 1929. Meetings held during 
1942: two. 


Oxygen Sub-Committee : Chairman, Dr. T. Swinden. Estab- 
lished January, 1936. Meetings held during 1942: two. 
(Chemists’ Panel, five.) 


Inclusions Sub-Committee: Chairman, Dr. W. H. Hatfield, 
F.R.S. Established November, 1936. Meetings held 
during 1942: four. 

Standard Methods of Analysis Sub-Committee : Chairman, Dr. 


E. Gregory. Established September, 1939. Meetings held 
during 1942: nine. 


Steel Castings Research Committee : Chairman, Mr. W. J. Dawson. 
pababhaned November, 1934. Meetings held during 1942 : 
ve. 


Moulding Materials Sub-Committee : Chairman, Dr. W. J. Rees. 
Established March, 1936. Meetings held during 1942: 
six. 

Foundry Practice Sub-Committee : Chairman, Mr. F, Cousans, 
Established May, 1938. Meetings held during 1942: 
seven. ; 

Hay Steel Temperature Sub-Committee : Chairman, Mr. 


Oliver. Established December, 1941. Meetings 
held during 1942: five. 


APPOINTMENT OF REPRESENTATIVES. 


The following is a list of the Institute’s representatives on various 
governing bodies and committees for the year 1943; it has been 
brought up to date to 31st March, 1943 : 


British Association, Fuel Economy Committee: appointment 
open. 
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British Cast IRon ResEaron Association: Professor T. 

Turner. 

BRITISH CORPORATION REGISTER OF SHIPPING AND ATRORAFT, 

Technical Committee: Dr. A. McCance, F.R.S. 

British ELECTRICAL AND ALLIED INDUSTRIES RESEARCH 
ASSOCIATION, 

Sub-Committee J/E, Joint Committee, Steels for High 
Temperatures: Dr. W. H. Hatfield, F.R.S., Dr. T. 
Swinden. 

Sub-Committee J, Earthing to Water Mains: Dr. J. C. 
Hudson. 

BritisH IRoN AND STEEL FEDERATION, Statistical Committee : 

Mr. K. Headlam-Morley. 

BRITISH REFRACTORIES RESEARCH AssocraTIoN, Council: Mr. 

W. J. Brooke. 

_ British STANDARDS INSTITUTION, 
Chemical Engineering Divisional Council: Mr. E. F. Law. 
Engineering Divisional Council E/-: The Hon. R. G. 

Lyttelton, Dr. T. Swinden and Mr. K. Headlam- 

Morley. 

Sub-Committee M33/7, Protective Glasses for Welders and 

Industrial Purposes: Dr. C. H. Desch, F.R.S. 

Sub-Committee C/25/10, Painting of Iron and Steel: Mr. F. 

Fancutt, Mr. R. A. Hacking. 

Technical Committee CEB/1, Cement : appointment open. 

Technical Committee CEB/6/1, Concrete Blocks: appoint- 
ment open. 

Technical Committee CH/17, Symbols used in Diagrams of 

Chemical Engineering Plant: Mr. A. E. Chattin. 

Technical Committee EL/28, Fans: Mr. A. F. Webber. 
Tron and Steel Industry Committee IS/-: Dr, T. Swinden. 
Technical Committee IS/1, Co-ordination of Iron and Steel 

Specifications : Dr. T. Swinden. 

Technical Committee IS/6, Steel Castings: Dr. R. H. 

Greaves. 

Technical Committee IS/8, Creep Properties: Dr. W. H. 
Hatfield, F.R.S. Py 
Technical Committee IS/15, Iron and Steel for Shipbuilding : 

Sir Edward J. George. 

Technical Committee IS/17, Cast Iron Columns for Street 

Lighting: Mr. J. G. Pearce. 

Technical Committee IS/35, Cast Iron : appointment open. 

Technical Committee IS8/35/3, Malleable Steel Castings : 
Mr. C. H. Kain. f 

Technical Committee ME/22, Marking and Colouring of 
Foundrymen’s Patterns : appointment open. ; 

Technical Committee ME/23, Brinell Hardness Testing - 
Dr. W. H. Hatfield, F.R.S. 
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Technical Committee ME/25, Testing of Thin Metal Sheet 

and Strip: Dr. T. Swinden. 
Technical Committee ME/32, Engineering Symbols and 
Abbreviations : Dr. T..Swinden. 

Solid Fuel Industry Committee, SF/-: Mr. A. F. Webber. 

Technical Committee SF/1, Nomenclature and Definitions : 
Mr. A. F. Webber. 

Technical Committee SF/2, Underfed Nee Stokers : 
Mr. A. F. Webber. 

Technical Committee SF/4, Heating Stoves: Mr. A. F. 
Webber. . 

Technical Committee on Metallic Finishes: Mr. F. C. Platt. 

Units and Technical Data Co-ordinating Committee: Sir 
Wm. Larke, K.B.E. 

Crry AND Gurtps oF Lonpon Institute, Advisory Committee on 
Metallurgy: Mr. E. C. Greig. 

CoNSTANTINE CoLLEGE, Advisory Committee : Mr. E. W. Jackson. 

EMPIRE CouNcIL OF MINING AND METALLURGICAL INSTITUTIONS : 
Mr. K. Headlam-Morley (one appointment open). 

ENGINEERING PuBLIC RELATIONS COMMITTEE, 

Main Committee : Mr. James Henderson. 

Executive Committee : Mr. K. Headlam-Morley. 
Hona-Kone University, Home Committee : appointment open. 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, Board of 

Governors: Mr. James Henderson. 

ImpERIAL INstTritTuTE, Mineral Resources Department, Iron and 
Ferro-Alloy Metals Committee : Mr. K. Headlam-Morley. 

InstTitTuTE oF FuEL, Council: Dr. R. J. Sarjant. 

InstiTuTE OF WELDING, Council and Representative of Patron 
Institution : Mr. K. Headlam-Morley. 

INSTITUTION OF MECHANICAL ENGINEERS, Research Committee 
on High-Duty Cast Irons for General Engineering Purposes : 
Dr. J. E. Hurst. 

IRon AND STEEL INDUSTRIAL RESEARCH CouncIL: Dr. W. H. 
Hatfield, F.R.S., Mr. K. Headlam-Morley, the Hon. R. G. 
Lyttelton. 

JOINT COMMITTEE ON MATERIALS AND THEIR TesTING: Mr. K. 
Headlam-Morley. 

LivERPooL University, Court of Governors: Sir W. Peter 
Rylands, Bt. 

Luoyp’s REG@IsTER oF SuHrpepinc, Technical Committee: Mr. 
James Henderson, Mr. P. Baxter. 

National Puystcan Lasoratory, General Board: Dr. W. H. 
Hatfield, F.R.S., Professor J. H. Andrew. 

PARLIAMENTARY AND SCIENTIFIC CommiTrTEE: Mr. K. Headlam- 
Morley. 

Ramsay Memoria Lazoratory, Advisory Committee : appoint- 
ment open. 
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Roya Scoot or Mrinzgs, Advisory Board : appointment open. 

Royat Socotery, General Board for Administering Government 
Grants for Scientific Investigations : The President. 

ScHoon oF MetaLiirerous Mryrne (Cornwatt), Board of 
Governors: Mr. J. S. Hollings. 

Scrence Museum, Advisory Council : appointment open. 

SHEFFIELD UNIvERSITy, Court of Governors: Sir Arthur B. 
Winder, J.P. 


[The Statement of Accounts for 1942 will be found in the following pages. | 


1943—i a = 


THE IRON AND 
BALANCE SHEET, 


LIABILITIES. 


Sundry Creditors :— 
Office Rent . 
Telephone Calls and “Telegrams 
Travelling Expenses a 
Autumn Meeting ... 
Heating and Lighting 
Bulletin oan 
Staff Superannuation 
Subscriptions in Suspense .. 
Income Tax—Staff Deductions 
Printing and Stationery 
Air Raid Precautions 


Subscriptions in Advance :— 
Home Members A E 
Overseas Members ... 
Associates ; 


Journal Sales :— 
Amount in advance 1943 . 
Received on account of N }. Thy 1942 
Miscellaneous ter 
Bulletin c ne 
Translations 


Bank Overdraft—Secretary’s Account ose 
Suspense Account as at Ist J: Sumaryy 1942 :-— 
Reserve for 10-year Index en 

Add Further Transfer, 1942 


Bessemer Gold Medal 
Add Further Transfer, 1942 


Library Account ... A 
Add Further Transfer, 1942 


Repairs and Decorations ... 
Add Further Transfer, 1942 


Entrance Fees Reserve Fund 
Add Further Transfer, 1942 


Life Composition Fund 
Add Compounded during year 


-  Ironand Steel Institute :— 
Capital as per last Balance Sheet 
ng rages excess of Income over Expendi- 


Mae] Troon of | Income over r Expenditure ‘for the 
year a SS 6 


224 REGENT STREET, 
Lonpvon, W.1. 
March, 1943. 


500 
250 


Seed 


1,634 


so |ooce 
aalooloo| oo: 


= 
oo|oo 


14 
2 


2 


a BH op 
AT COV AT OO LOH DIO 


Roo 


owe OUP RACaRODS & 


CANOM 


ComOlNwa!lo 


> 


804 1 7 


112 16 6 


147 1 2! 
40 8 9 


2,900 0 0 
2,596 4 8 


3,301 14 8 


25,648 10 10 


£35,550 18 2 


We have examined the above Balance Sheet 


STEEL INSTITUTE. 
3lst DECEMBER, 1942. 


ASSETS. 
sun ary Debtors: a8 g Suma. & s. d. 
ubscriptions in arrear Ke Not valued. 
Amount due from Carnegie Scholarship Fund - ee 5s UB Oy) aan 
Travelling EeeUseS a oa8 “a ate TOSS? 
Telephone Abo whe 815 3 
Sales . a ois 126 3 4 
Sundries eA 5 ass eee 3410 9 
Income Tax Recoverable ... ae 08%, 9) eit 
Institute of Metals :-— Seis 
Rent _i... on 187 10 O 
Joint Library DOM OO 
Heating : 233020) 
Salaries 68 0 0 
: 3384 15 0 
Translations Service Aer rR eA} 
2,408 19 O 
Payments in Advance :— 
Publishing cca rages — SA ERE 
Printing 2816 0 
Reviews .. 355 ne ee) 
Advance Copies ... teyfen ull ark 
ily Bh al 
Insurance ... 5618 4 
Library Books 26712) 16 
Staff Superannuation Fund 103 6 4 
Salaries and Pensions Lousy, od 
Rates 5 14 11 11 
832 4 3 
Stock of Journals a : Not valued. 
Office Furniture and Library. Not valued. 
Cash at Bank and in Hand ;— 
Deposit Account .. PAO 3 
Post Office Savings Bank Deposit. Account 18.13 2 
General Account . >On eh 
Cash at Office 16.93 
1,588 5 4 
Investments at Cost per Schedule :— 
General Fund cee Soe coe abs canta Gee 27,904 15 4 
(The Market value of these Investments at 31st December, 
1942, was £31,792 Os. 10d.) 
Joint Research Committees : — 
Amount advanced . a8 6419 7 
Life Composition Fund : cS 
Investments at Cost per Schedule wae ace oe ave 3,301 14 8 
(The Market value of these Investments at 31st December, 
1942, was £3,497 18s. 8d.) 
Bei ihe Sens 
£35,550 18 2 
———— 
of the Institute and certify it to be correct. 
(Signed) W. B. KEEN & CO, 


Chartered ‘Accountants. 


INCOME AND EXPENDITURE 


ACCOUNT 


1941 
£ 
112 
92 
204 ee 
4,567 
94 
384 
== 751045 
1,012 
37 
101 
== 150 
212 
21 
13 
Luk Wg4g 
929 
84 
117 
1,130 
489 
eal 
1,066 
123 
16 
see ea 205 
28 
19 
750 
400 
50 
Ss A 
750 
2,500 
500 
—— 3,75 
100 
4,784 
£18,068 
£ £ 
2,905 
1,482 
4,387 
3 
ees 
751 
£5,103 


INCOME. 


Entrance Fees 


Do. Companies Nominations 


Less Transfer to Reserve Fund 


Annual Subscriptions :— 
Members, Home Current 


Do. Arrears 
Members, 
Do, Arrears 
Associates, Current 
Do. Arrears 
Sales of Publications :— 
Journals, etc. 


Bulletin .. 
Translations 


Less Bad Debts written off 


Overseas Current .. 
Do. Companies’ Nominations 


Interest on Investments ee) — 


General Fund ... 
Life Composition Fund 
Bessemer Medal Fund . 


Interest on Deposit Accounts 
Sundry Receipts “5 
Institute of Metals :— 

Rent Receivable 


Less Refund 


Contribution to Joint Peres 


Do. Companies’ Nominations sae 


Do. Companies’ Nominations . 


£ 
400 
25 


oor 


ook: 


Tron and Steel enh Research Council :— 


Grant for Bull 


Grant for pera Services 
Grant for Information Service 


British Iron and Steel Corporation, Ltd., re dis- 


tribution of Basie Refractories 


Sales of Waste Paper 


Balance, being excess of pentane’ over In- 


come carried down 


Special Subscriptions :— 


Contributions received sure 1942 ... 


Income Tax Recoverable 


Less Legal Expenses 


Balance, peing excess of expendibare, over In- 


come 


7 


189 1 2 
189 1 2 
4,805 15 0 
116 11 0 
21919 6 
5,142 5 6 
935 7 10 
5 5 O 
188 8 4 
1,129 8) 72 
261 8 6 
1010 0 
1919 0 
29117 6 
961 11 1 
7819 6 
450 6 7 
1,490 17 2 
139 11 4 
1,351 5 10 
1,106 7 2 
123 9 8 
16 0 0 
1,245 16 10 
1914 8 
2319 9 
750 0 0 
375 0 0 
1,125 0 0 
750 0 0 
2,500 ® 0 
500 0 
3,750 0 0 
50 0 0 
36 9 9 
3,295 19 0 


£17,461 9 7 


anal 


£ 8. d. £ s. d 


2,992 14 6 
1,513 13 4 


4,506 7 10 


4,506 7 10 


£4,506 7 10 


oem 


FOR THE 


YEAR ENDED 3lst DECEMBER, 1942. 


1941 
£ 
7,436 
435 
7,871 
733 
150 

= 6.988 

55 

307 

1,200 

273 

959 

237 

30 

183 

10 
» 1,419 
176 
251 
140 
439 
110 
310 
330 

pee 3 1°75 

539 

422 
395 
33 

362 
86 
237 

323 

44 

159 

134 

2 
= 50 
25 
10 
50 
10 
11 
10 

eee 1166 

2,500 

£18,068 

— 

£ £ 

4,784 
50 
25 

ae 75 
92 
94 
37 
21 

eat 244 

£5,103 


EXPENDITURE. 


Salaries including Pensions and Se erene 
War Bonus = ste 0 


Less Contribution from Ministry 


of Supply and British [ron 3 th ach 

and Steel Corporation, Ltd. ... 875 0 O 
Do. Andrew Carnegie Research 

Fund . SOG ‘ 150 0 O 


National Insurance 
Staff Superannuation Fund 
Office Ren 
Repairs ant Decorations and “Air Raid Pre- 

cautions 2 ome 
Cleaning, Heating, Lighting and V Water 
Library Books rae : 
Office Furniture 
Annual Meeting 
Autumn Meeting ... Aa 
Publishing Expenses :— 

Journal : Printing and Paper .. 

Postage ae 

Advance Copies : Printing 
Postage 
Bulletin : Printing 

Postage 

Reports and Bibliographies 
Translation Service is 


Stationery and Printing . 

Postage and Receipt Stamp s 

Travelling and Tntarbaininest Expenses 
Less Recoverable from Ministry of Supply 


Tnsurance we ae 
Do. War Damage 


Auditors’ Fee for1941_.. 
Telephone Rental and Calls 
Office Disbursements and Sundry “Expenses 
Bessemer Gold Medal 
Grants :— 
British Blectrical and Allied Industries ie 
search Association . 
British Refractories Research “Association Sd 
J oar ie Committee on Materials and ee 
estin - ee 
British Seandarda. Institution 
Mellor Memorial 
Parliamentary and Scientific Committee 
Foundry Prize ... me ; - 


Tron and Steel De Sete Hesesrch Yee 
Grant —... 5a ‘ ose 


Balance brought down So Bos 
Transfer Reserve and Suspense Account :— 
Repairs and orate 9085 
Library ... ée c 

Ten-year Inde ex. 
Bessemer Gold Medal . 


Companies’ Oma — 
Entrance Fees 


Subscriptions Account :— gz 8. ad. 
Home Members ge 1 6ett 0 
Overseas Members on ite Sins 10) 
Associates eae 10 10 0 


Balance, being excess of Taacme. over i og 
diture for the year ie a 


"475 17 
8,000 3 6 
1025) 00) 
——————. 6,975 3 6 
60.5 7 
404 15 0 
1,200 0 0 
79.15 0 
888 9 8 
489 13 5& 
Oi ase 0} 
26 19 10 
43 2 8 
1,415 13 9 
141 17 10 
138 6 2 
40 14 5 
458 14 7 
645,452 
514 6 
245.3 1 
2.510591 06 
547 16 11 
586 3 6 
429 3 0 
TOSEE Te 
3200ND ed 
59 14 4 
101 11 8 
16156550 
43 10 O 
204 5 2 
DRY p alee ali 
bo 0 0 
25 0 0 
ih ah 
50 O O 
10 O O 
1010 O 
—_—_- TAG wlan O 
2,500 0 0 
£17,461 9 7 
———— 
SS Sed. £ Side 
8,295 19 O 
538 19 7 
250 0 O 
50 0 O 
25 ORnO) 
—_—_—_———- 863 19 7 
8118 0 
132 6 0 
—__—_—— 214 4 0 
182 5 3 


—<$—$<—$=—$<——_—_—— 


£4,506 _7_10 
SY 
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THE DESIRABILITY OF REMOVING SULPHUR 
FROM GASEOUS FUELS FOR HEATING 
“FERROUS METAL.! 


By A. PREECE, M.Sc. (LeEeps UNIVERSITY). 
Paper No. 10/1948 of the Alloy Steels Research Committee. 


SUMMARY. 


The results obtained in a general study of the high-temperature 
oxidation of steels are considered with special reference to the harm- 
ful effects of the sulphur content of the furnace atmosphere. There — 
is an important difference in the mechanism of scale formation when 
the furnace temperature exceeds approximately 900° C.; thus, in 
dealing with industrial heating operations two temperature ranges 
have to be considered. The results have also shown how the harm- 
ful effects of the sulphur dioxide are influenced by the composition 
of both the steel and the furnace atmosphere. The advantages 
which result from partial removal of sulphur from the fuel and the 
working conditions necessary for the full realisation of these ad- 
vantages are indicated. 


Introduction. 


Warer-cas plants and small producers are being installed in steel- 
works as reserve units to ensure a supply of gaseous fuel in the 
event of a temporary failure of the normal gas supplies. These 
small units are also being used where the town’s gas supply is 
inadequate to meet the increased demand for war production. The 
auxiliary equipment for the removal of sulphur from the gas pro- 
duced in these units represents a high proportion of the total cost 
of the plant, and the following report was drawn up in answer to 
an enquiry as to how far sulphur removal from gaseous fuel to be 
used for heating steels was advisable or necessary. 

The information contained in this paper has been obtained in a 
general study of high-temperature oxidation of plain carbon and 
alloy steels carried out at Leeds University with the aid of financial 
support from the Alloy Steels Research Committee. 


General Considerations. 


The following considerations will apply only in furnaces where 
the products of combustion of the fuel constitute the furnace 
atmosphere amd are in contact with the heated metal. Py 

(1) It has been found that the addition of sulphur dioxide to 


1 Received January 16, 1943. This paper is published by authority of 
the Alloy Steels Research Committee. The views expressed in it aro the 
author’s, and are not necessarily endorsed by the Committee as a body. 
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typical furnace atmospheres has a profound influence on the scaling 
characteristics of heated steels. There is usually an important 
increase in the rate of oxidation with the formation of iron sulphide 
in the oxide scale. ? 

(2) At tempering and hardening temperatures, i.e., 650° C. to 
slightly below 900° C., there is no formation of the oxide-sulphide 
complex; the iron sulphide is distributed as separate particles 
throughout the scale layer and there is little or no tendency for 
sulphide penetration along the crystal boundaries. 

(3) At temperatures above 900° C. the sulphide forms a molten 
oxide-sulphide complex at the scale-metal interface, which pene- 
trates into the metal along the grain boundaries. There is also a 
change in both the scale produced and its adherence to the metal 
surface, which may affect the ease of scale removal. It will be 
appreciated, therefore, that the effect of the sulphur dioxide will 
vary according to whether the furnace temperature is above or 
below approximately 900° C. 

(4) The presence of free oxygen in the furnace atmosphere is 
important, in that it minimises the evil effects of sulphur dioxide 
by preventing the formation of iron sulphide in the scale. It 
should be stressed, however, that oxygen itself accelerates scale 
formation in all but high-sulphur-containing atmospheres—hence 
the presence of oxygen is permissible only if the furnace atmosphere 
already contains appreciable quantities of sulphur dioxide. 

(5) Without a knowledge of the design of the particular furnace 
in which the steel is to be heated, it is wrong to assume that if 
excess air is used in the combustion of the fuel, the furnace atmo- 
sphere in contact with all the steel will contain free oxygen. In 
furnaces of the semi-muffle type and:those in which gas and air 
premixers are used this assumption is undoubtedly true, but if the 
gas and air enter the furnace chamber through separate flues there 
may be regions in the vicinity of the gas ports where combustion 
is incomplete, and steel in these regions would be scaled under 
conditions where the sulphur would exert its maximum influence. 

(6) The rate of oxidation of steel increases exponentially with 
temperature ; hence, temperature control is important, particularly 
where the furnace temperature approaches the melting point 
of the oxide scale. When this temperature is reached there is 
a sudden increase in the rate of scale formation owing to the 
removal of the partially protective layer of scale as it melts and 
flows away from the surface of the metal. Indeed, in this region 
temperature control is perhaps the most important factor govern- 
ing oxidation, and much of the advantages resulting from sulphur 
cleaning, atmosphere control, &c., would be lost if at the same 
time adequate attention was not given to temperature control. 

(7) The compositions of the furnace atmospheres obtained by 


the complete combustion of typical gaseous fuels are shown in 
Table I. 
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Taste [.—Furnace Atmospheres produced by Complete Combustion 
of Typical Gaseous Fuels. 


Products of Complete Combustion. 
COR ae Oe Ge Nas 2%. | soy. %. 
a] 
Crude coke-oven gas, 600 grains of 
sulphur per 100 cu. ft. : 2 10 20 70 0-20 
Town’s gas, 20 grains of sulphur per 
100 cu. ft. : é ; : 10 20 70 0-007 
Producer gas from coal containing 
2% of sulphur : : ; 17 10 74 0-13 
Water gas from coke containing 1% 
of sulphur : é : : 16 20 64 0-05 
ae 


Main Factors influencing the Oxidation of Steel. 


A general idea gf the relative importance of each constituent 
of a typical furnace atmosphere may be obtained from the following 
_results found by heating steel specimens for 1} hr. at 11307 °C. 
Taking a furnace atmosphere consisting of 10% of COs, 10% of 
H,O and 80% of nitrogen as a basis, then : . 
Increasing the CO, to 20% decreased the oxidation by 35%. 
Increasing the H,O to 20% increased the oxidation by 15%. 
Adding 0:2% of SO, to the above atmosphere increased the oxidation 
rate 3 times. 
Adding 4% of oxygen or more to the above atmosphere increased the 
oxidation rate 24 times. 


It will be realised, therefore, that the important factors governing 
the oxidation of steel are: (a) Temperature and (0) composition 
of the furnace atmosphere, particularly with regard to the sulphur 
dioxide and oxygen contents; and to these must be added (c) the 
presence of certain alloying elements in the steel. 


The Heating of Steels in Furnace Atmospheres. 


It will be convenient to consider two temperature ranges, 1.€., 
above and below 900° C. Above this temperature the oxide- 
sulphide complex which forms in the scale causes intense inter- 
crystalline penetration, which is not so marked at lower tem- 


peratures. 


(a) Furnace Temperatures below 900° C. 

In this lower temperature range the presence of sulphur dioxide 
causes an important increase in the rate of scale formation in 
atmospheres free from oxygen. 

In Table II. the increased scaling losses to be expected in 
changing over from purified to a crude gaseous fuel are shown. 
Actual scaling losses are given in the second column, 
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The figures given in Table II. refer only to oxygen-free atmo- 
spheres. This is stressed, because oxygen itself causes a rapid 
increase in scale formation and at the same time renders the sulphur 
dioxide ineffective as a scaling agent. Oxygen also prevents the 
formation of iron sulphide in the scale. 

It will be clear, therefore, that sulphur removal will result in 
minimum scaling only in oxygen-free furnace atmospheres. This 


TaBLE II.—Increased Scaling Losses on Changing from Purified to — 
Crude Gaseous Fuel. Temperature below 900° C. 


Information contained in this Table has been taken from a thesis presented 
by Dr. E. Simister to Leeds University for the Ph.D. Degree. 


Metal lost by Increase in Scaling Losses on Changing 
Oxidation in from Purified to Crude Gas giving High 
; Oxygen-Free Concentration of Sulphur Dioxide. 
Furnace Atmo- 
Steel exposed 1} hr, at 850° O, spheres (10% OOg, 


10% H,0, et! 0-05% s0,M 0-10% SO,. | 0:20% SO.. 


Oz. per sq. ft. Increased by Factor of— 


Plain carbon steel . 5 0:57 24 4 
1-5% Mn steel : : 0-56 2 3 
5% Nisteel . : : 0-33 3 54 
3-5% Ni, 0:75% Cr steel . 0-50 24 3 
4% Sisteel . - . 0-44 2 2 
12% Cr steel . : : Scale 2 2 
irregular. approx. | approx. | approx. 


may be further illustrated by consideration of the following example. 
It was found that with a plain carbon steel at 850° C. the addition 
of 0-:10% of SO, to an oxygen-free furnace atmosphere caused the 
same increase in the rate of scale formation as the addition of 
2:0% of oxygen; thus, if the working conditions were such that the 
furnace atmosphere would contain 0:10% of SO,, it would be 
advisable to burn the fuel so as to have 2% of oxygen present, 
because the scaling losses would be the same, there would be little 
or no sulphide formed in the scale and, further, the scale would be 
less adherent. If the sulphur dioxide content of the furnace 
atmosphere were greater than 0-1%, then the presence of the 
oxygen would maintain a lower rate of scale formation than would 
otherwise occur. 

In this low-temperature range there is a formation of sulphide 
particles in the scale, but with the plain carbon and 1-5°/ manganese 
steel there was no evidence of intercrystalline penetration of scale 
_ or sulphide into the metal, even in atmospheres containing as much 
as 0:2% of SO,. 

With the 5% nickel steel, however, when the concentration of 
the sulphur dioxide approached 0-05% a slight degree of sulphide 
penetration occurred, which became more pronounced as the 
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sulphur dioxide concentration was further increased; in a high- 
sulphur atmosphere (80% N3, 10% CO,, 10% H,O plus 0:2% S0O,), 
after 8 hr. heating at 850° C. this intercrystalline penetration 
extended 0-002 in. into the metal, but when 3% of oxygen was 
also present there was no penetration of scale. With nickel steels, 
therefore, the presence of free oxygen is essential if the furnace 
atmosphere contains sulphur. 

The 3-5% nickel, 075% chromium steel and the 12% chromium 
steel also showed slight evidence of intercrystalline penetration 
when the sulphur dioxide content of the atmosphere reached 0-05%. 
When oxygen was added to the furnace atmosphere sulphide pene- 
tration was prevented, but with the nickel-chromium steel an 
equally deep intercrystalline penetration of oxide occurred, which 
might be as troublesome as the sulphide penetration as far as 
.scale removal is concerned. 

‘ The high resistance of the 4% silicon steel to oxidation was 

* destroyed by sulphur dioxide, and although the increased scaling 
was not accompanied by intercrystalline penetration of scale into 
the metal a subscale formation occurred at the scale-metal interface 
which would be difficult to remove by the normal descaling pro- 
cesses and would undoubtedly result in a poor surface finish. 

The more highly alloyed steels, such as the 18% chromium, 
24% nickel steel, higher-chromium steels and an 8% aluminium 
steel, showed very slight attack when exposed to furnace atmo- 
spheres containing as much as 0:2% of SQ). A thin skin of pro- 
tective oxide formed on the surface, which prevented further 
oxidation. 


(b) Furnace Atmospheres above 900° C. 


The effectiveness of sulphur dioxide in increasing the rate of 
scale formation becomes greater as the furnace temperature is 
raised, and at forging temperatures the loss of metal due to oxida- 
tion represents an appreciable tonnage of steel. In addition, at 

- temperatures above 900° C. this increased scaling in sulphur-con- 
taining atmospheres is accompanied in certain circumstances by 
deep intercrystalline penetration into the steel of the iron-sul- 
phide/iron-oxide complex which is formed at the scale-metal interface. 

Table III. has been drawn up in a similar manner to Table i 
and shows the increase in scaling losses to be expected on changing 
over from a purified to a crude gaseous fuel when burnt to give no 

_ free oxygen in the products of combustion. It will be noted that 
the scaling losses are high even when using a purified gas and that 
they are further increased when sulphur is present. : 

In considering the behaviour of the four resistant steels in 
Table III., where continued oxidation had been prevented by the 
formation of an extremely thin chromium-rich oxide skin, the 
conditions of test should be emphasised, 2.¢., 14 hr. at a constant 
temperature of 1150° C., since it is not known to what extent this 
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TaBLE III.—IJncreased Scaling Losses on Changing from Purified to 
Orude Gaseous Fuel. Temperature above 900° C. 


Information contained in this Table has been taken from a thesis presented 
by Dr. R. V. Riley to Leeds University for the Ph.D. Degree. 


Increase in Scaling Losses in Changing 


Metal lost by from Purified to Crude Gas giving 

Oxidation in Higher Concentration of SO, in 

Oxygen-F ree Furnace Atmosphere obtained by 
Furnace Atmo- Complete Combustion of Gas. 


Steel exposed 14 hr. at 1150° C. | sphere (10% CO,, 
3 10% H,O, 80% 


N,) containing | 9.05% SOs. 
0-015% of SO,. ; 3 


0:10% SOz. | 0:20% SOs. 


pe ah Increased by Factor of— 
Plain carbon steel 5:5 14 2 3 
5% Nisteel . c : 3-2 14 2 4 
3:5% Ni, 0-75% Cr steel . 3:3 1} 2 3 
4% Sisteel . ; : 4:7 24 3 34 
3% Si, 9% Cr steel 6-6 1} 2 24 
13% Mn steel 3:1 2 3 43 
12% Cr steel . : 6 12 2 24 
18% Cr, 2-5% Ni steel 4 1} 24 3 
approx. “| approx. | approx. | approx. 
18% Cr, 8% Ni steel 2 1} 1 4 
approx. approx. | approx. | approx. 
é : 
208. au ie Bo ee A protective oxide skin formed which pre- 
25%; Cr, 79 NG 49/ Ww vented further oxidation even when 0-2% 
Sek A ee of SO, was present. 
8% Alsteel . : . | Analumina-rich film which formed in sulphur- 
free atmospheres was destroyed by SO, and 
rapid scaling occurred. 


high degree of resistance would be retained over long periods of 
exposure or with fluctuating temperatures. Experiments along 
these lines are in progress at the present time. 

The increased scaling due to sulphur dioxide in oxygen-free 
furnace atmospheres was accompanied in this higher-temperature 
range by intense intercrystalline penetration of the oxide-sulphide 
complex, with the plain carbon, the 13% manganese, the 3-5% nickel, 
075% chromium and the 5% nickel steel. Penetration was most 
severe with the 5% nickel steel, in which it had extended to a 
depth of 0-02 in. after 14 hr. heating at 1150° C. in a high-sulphur 
atmosphere containing 0-2°% of SO,. This degree of penetration 
would undoubtedly give trouble in forging operations. 

No evidence of intercrystalline penetration was found in the 
4% silicon, the 3% silicon, 9% chromium and the 12°% and higher 
chromium steels; sulphide particles were found in the inner layers 
of the scale, but their only effect seemed to be to produce a more 
even scale-metal interface. 

No oxide-sulphide complex could be found in the scale formed 
at 1000° or 1150° C. in furnace atmospheres containing less than 
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0:03% of SO,; hence there would appear to be little advantage in 
taking sulphur removal beyond the stage which would give less 
than 0:03°% of SO, in the furnace atmosphere, particularly as the 
cost of sulphur removal increases rapidly as the sulphur content 
of the fuel becomes less. 

‘Having established a permissible sulphur content in the furnace 
atmosphere, it is possible to calculate the corresponding sulphur 
value of the gaseous fuel and so determine the amount of sulphur 
to be removed from the latter. This has been done for each of the 
three gaseous fuels, and the results are given in Table IV. 

One interesting feature of Table IV. is the comparatively small 
amount of sulphur to be removed from producer and water gas, 
and, while iron-oxide cleaning plants can be designed for this pur- 
pose, a cheaper method may be found by using ammonia washing 
towers. 


TaBLE 1V.—Sulphur to be Removed from Gaseous Fuels. 


Cuiace ren 
ati +.@ | phur Conten 
1 eee ior * | of pee to give Sulphur to 
nd. Complete | °:03% of 802 | be Removed. 
Combustion. | o¢ Complete 
Combustion. 
Grains per 100 cu. ft. 
Crude town gas, 600 grains of sulphur 
per 100 cu. ft. : ; : : 1:4 90 510 
Water gas from coke containing 1% of 
sulphur (= 108 grains per 100 cu. ft.) ig eres: 50 58 
Water gas from coke containing 2% of 
sulphur (= 254 grains per 100 cu. ft.) 1:1-75 50 204 
Producer’ gas from coal containing 2% 
of sulphur (= 230 grains per 100 cu. 
ft.) : : : 2 : : ig il 39 190 
Producer gas from coke containing 1% 
of sulphur (= 100 grains per 100 cu. 
ft.) : 5 : : : é e028 32 68 


The statement that oxygen added to furnace atmospheres 


imposes 


its own influence on the rate of scale formation and renders 


the sulphur dioxide ineffective is true at forging temperatures, but 


needs some qualification in the case 0 
13° manganese and 4% 
to the furnace atmosphere con 


plain carbon, 
of 1-2% of oxygen 


f a few steels, e.g., with the 
silicon steels, the addition 
taining sulphur 


dioxide accentuated the accelerating influence of the sulphur 


dioxide, and it was only with 


sulphur dioxide became ineffective. 1m 
in that the influence of sulphur dioxide and 


also an exception, 


higher oxygen additions that the 


The silico-chromium steel is 


oxygen when present together is roughly the sum of their separate 


effects. 
1943—i 
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Experiments have shown that sulphur dioxide maintains its 
accelerating influence on scale formation up to 1330° C., and, with 
steels containing silicon, as this temperature is approached the 
effect of any oxygen which may be present, instead of replacing 
the effect of the sulphur dioxide, tends to augment it. No precise 
information is available for temperatures above 1330° C. 

Apart from its effect on the scaling losses, the presence of 
oxygen in furnace atmospheres containing sulphur dioxide sup- 
presses the formation of the oxide-sulphide complex in the scale 
and prevents intercrystalline penetration of the latter into the 
steel. 


Conclusions. 


(1) The effect of sulphur-bearing gases in furnace atmospheres 
is two-fold, (i) an increase in metal loss due to scaling, and (ii) inter- 
granular penetration of scale. 

(2) Both effects are pronounced at temperatures above 900° C., 
the first being important economically and the second inimical to 
good forging properties. 

(3) For temperatures above 900° C., sulphur removal is con- 
sidered essential, but its value is not fully realised unless com- 
bustion is so controlled as to avoid the presence of free oxygen in 
the furnace atmosphere. 

(4) For temperatures below 900° C., the loss of. metal due to 
scale formation is not excessive even with unpurified gas; hence, 
sulphur removal is not considered essential in this temperature 
range, except for certain nickel-bearing steels in which inter- 
granular penetration of the oxide may be caused by the presence 
of sulphur. 

(5) Intergranular penetration of oxide-sulphide scale has not 
been found when the concentration of sulphur dioxide in the 
furnace atmosphere is reduced to 0:03%; thus, only partial sulphur 
removal is then called for. 

(6) The presence of free oxygen in the furnace atmosphere, 
although it gives a high rate of scale formation, counteracts the 


effects of sulphur dioxide and produces a non-adherent type of 
scale. 
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A REVIEW OF THE WORK OF THE INGOT 
MOULDS SUB-COMMITTEE.! 


By R. H. MYERS (Tue Bririso Iron anp STEEL FEDERATION, LonpoN), 
- CHAIRMAN OF THE Ingot Movuxnps Sus-CoMMITTEE. 


Paper No. 19/1943 of the Committee on the Heterogeneity of Steel 
Ingots (submitted by the Ingot Moulds Sub-Committee). 


ABSTRACT. 


As the result of experimental work and of statistical studies, it is 
clearly shown that great economy in ingot-mould material can be 
obtained very simply by reduced casting-to-stripping time, by 
attention to wall thickness and composition, and by improved lay- 
out, equipment and practice in the casting pit. 


z FOREWORD. 


Tus review presents an account of the work of the Ingot Moulds 
Sub-Committee and includes, in addition to that already published, 
some unpublished work as well as work in progress or contemplated. 

The various aspects of the work are listed below and it will be 


convenient to discuss them in this order : 


SECTION I.—Tse Berxaviour or Ineor Movurps IN SERVICE.— 
STATISTICAL INVESTIGATION OF PERFORMANCE AND LARGE- 
ScaLe EXPERIMENT. 
Parr A.—Factors having an Influence on Ingot-Mould Life. 
B—Standard Method of Recording Mould History (Initiated by 
Questionnaire). 
C.—Correlation of Collective Data. 
D.—Analysis of Collective Data by Graphical Methods. 
E.—Individual Works Investigations (Statistical Hxamination 
of Records and Practical Experiments). 
¥F.— Modes of Failure of Ingot M oulds. 
G.—Other Work. 


SECTION II.—TuHE BAsio CAUSES OF CRACKING. 
Parr A.—The Determination of the Temperature Gradients in the Wall 


of a Slab Mould. 
B.—Papers Presented for Publication through the Stresses in 


Moulds Panel. 


C.—Laboratory Work. 
D._A Technique for Determining the Temperature in the 


Interior of a Freezing Ingot.: 


As far as is possible the views expressed by the Sub-Committee 
in previous publications have been retained, but in the light of more 


1 A Joint Sub-Committee of the Open-Hearth Committee of The Iron and 
Steel Industrial Research Council and the Committee on the Heterogeneity of 
Steel Ingots (a Joint Committee of The Tron and Steel Institute and The 
British Iron and Steel Federation reporting to The Iron and Steel Industrial 
Research Council). MS. received December 24, 1942. 
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recent information some of the results discussed earlier are here 
shown, in certain instances, to have a somewhat wider significance. 


SECTION I.—THE Benaviour-oF INGot MovuLps IN SERVICE.— 
STATISTICAL INVESTIGATION OF PERFORMANCE AND LARGE-SCALE 
EXPERIMENT. 


> 
Part A.—Factors having an Influence on Ingot-Mould Life. 


At the outset a comprehensive list of some forty-seven factors 
believed to have an influence on mould life was prepared. The 
list included factors associated with both manufacture and use of 
moulds.? 

Although the influence of the individual factors could not be 
expressed quantitatively, it was known by experience in some cases 
and believed in others that certain factors were of major importance 
as regards their influence on mould life. The chief concern, there- 
fore, of the Sub-Committee was to make a selection of the more 
important factors and to investigate the influence of each one 
separately. Those which come within the scope of this review are 
listed below :— 


Factors Associated with Manufacture. 
(1) Design. 
(i) Wall thickness. 
(ii) Abrupt changes in wall thickness. 
(iii) Whether small- or large-end-up, open or solid-bottom. 
(2) Cupola charge mixtures. 
(i) Brands of pig iron used. 
(ii) Proportion of steel and mould scrap used. 
(3) Chemical composition. 
(i) Carbon. 
(ii) Silicon. 
(iii) Manganese. 
(iv) Sulphur. 
(v) Phosphorus. 
(vi) Chromium. 
(4) Founding technique. 
(i) Casting temperature (fluidity) 
(li) Lapse of time between casting and removal from the sand. 
(iii) Whether annealed or otherwise before use. 
(iv) Period of weathering before use. 
(5) Physical and Mechanical Properties. 
(1) Structure, particularly with regard to graphite. 
(ii) Strength at room and at elevated temperatures. 
(iii) Thermal‘expansion. 
(iv) Thermal conductivity. 


Factors Associated with Usage. 


(1) Steel. 
(i) Temperature. 
(ii) High or low carbon content. 


1 Seventh Report on the Heterogeneity of Steel Ingots, I 
Institute, 1937, Special Report No. toa. 146-147. Rebs ea 
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(2) Method of casting. 
(1) Direct. 
(ii) Tundished. 
(iii) Bottom-cast. 
(iv) Floor-, pit- or car-cast. 
(v) With or without feeder-heads. 
(3) Method of stripping. 
(i) Mechanical stripper. 
(ii) Overhead crane. 
(iii) Steam jib crane. 
(4) Temperature of mould when casting steel, depending on : 
(i) Frequency of use of mould. 
(ii) Cooling conditions. 
(5) Temperature of mould reached before stripping, depending on : 
(i) Casting-to-stripping time. 
(ii) Space between moulds when set. 
(iii) Whether teemed in open or confined space, e.g., sunk pit. 


Part B.—Standard Method of Recording Mould History (Initiated 
by Questionnaire). 


The object was to determine the relative importance of the above 
factors by the co-ordination of works data or by practical experiment. 
It was realised that if any serious attempt was to be made to ensure 
comparable results, data would have to be expressed and experiments 
conducted on a common basis. As a first step towards this end, a 
questionnaire, based on the above factors, was prepared and 
circulated to all steelmakers (some of whom were also makers of 
moulds) but not to mould-makers as such. Thereafter a standard 
form for recording mould history (based on existing methods) was 
prepared by the Sub-Committee; a reproduction is given on the 
next page. This, together with a system in daily use by a member 
firm, was published in the Seventh Ingot Report, pp. 160-162. It 
was hoped that these methods would be generally adopted as 
standard (at least by the high-production steel plants) where the 
actual consumption of mould material (representing relatively few 
types in constant use) was very substantial. 

The justification for adopting such a system of mould recording 
is clearly demonstrated in the following Parts C to E. 


Part C.—Correlation of Collective Data. 

Altogether data relating to some forty-five types of moulds were 
submitted in answer to the questionnaire. These were subsequently 
examined. The data appear in tabular form in the Seventh Ingot 
Report, pp. 168-183. 


(1) Life of Different Types of Moulds. 

Wide differences in mould life were noted between different types 
of moulds. This was not due to design as such (except perhaps in 
isolated cases) but to the treatment in service to which a particular 
design or type of mould was subjected. 


A Standard Card for Recording Ingot Mould History. 
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The small-end-up type showed an average of 83 lives as against 
53 for the wide-end-up solid-bottom and centre-run types. 

Whilst the former type was used principally under car-casting 
and machine-stripping conditions, the latter suffered the dis- 
advantages of pit- or floor-casting, crane-stripping, inversion and 
in many cases bumping to release the ingot. They also took longer 
to strip and would tend to be hotter when receiving the next cast. 
The influence on mould life of these last two factors is dealt with 
more fully later, but it is noteworthy that precisely the same type 
of mould has been known to give a life of 98 in one shop where there 
are car-casting, machine-stripping and air-cooling facilities, as 
against a life of 56 in another shop where crane-stripping and pit- or 
floor-casting conditions exist. 


(2) The Effect of the Method of Teeming. 


The average lives of open-end moulds teemed direct and bottom- 
~ cast were 74 and 99, respectively. 

Tundishing improved the life of moulds, but this effect could 
not be isolated, because of the deleterious influence of hot tops 
which were usually present. 


Part D.—Analysis of Collective Data by Graphical M ethods. 


(1) The Effect of the Casting-to-Stripping Time. 

Graphical methods disclosed remarkable possibilities for increasing 
mould life with decrease in casting-to-stripping time. 

The rate of improvement in mould life was shown to increase 
rapidly the nearer one approached the minimum time practicable. 
Conversely, mould life was shown to decrease with increase of 
casting-to-stripping time up to a point where a further increase 
appeared to have no effect (Fig. 1) (see also Seventh Ingot Report, 
pp. 164-165). Both these aspects have been proved by practical 
experiment and are mentioned later. Moulds occupying positions 
outside the band in Fig. 1 were shown to be abnormal or subject to 
abnormal conditions. : 

The true significance of decreasing the casting-to-stripping time 
does not appear to be generally appreciated. The advantages to be 
gained justify large expenditure in equipping plants with stripping 
facilities where at present these are limited owing to plant layout. With 
the exception of perhaps one or two specific types of steel, any: 
depreciation in the quality of the ingot by quicker stripping has yet 
to be proved, once the frozen envelope is sufficiently strong to support 
the liquid centre, and always provided that the ingot remains in a 

-yertical position until solid throughout. At Hofors in’ Sweden 
equipment was installed to strip small high-quality steel ingots in 
9-3 min. after casting, with the result that the life of the ingot 


mould was trebled. i aoe 
In further support of this statement, Jellinghaus, in discussing 
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Ristow’s paper on ingot moulds,’ cited a case where the mould life 
had been increased from 205 to 310 by decreasing the average 
ing-to-stripping time from 18 min. to 8 min. 

Semanal es from the hot ingot reduces the temperature 
attained by the mould and in turn the tendency to oxidation, 
growth and crazing of the working face, as well as to premature 
crack failure; it also renders the mould cooler for subsequent use, 
thereby making it possible to reduce mould stocks; and, not least 
important, it permits the delivery of hotter ingots to the soakers. 


Mould Life 


100 200 300 400 500 600 700 800 
Lapse of Jime between Casting and Stripping. Min. 


Fig. 1.—Correlation of Mould Life with Lapse of Time between the Casting 
and Stripping of Ingots. 


An example of what can be spent with advantage on plant and 
equipment to ensure better mould performance is given below. 
Consider a steelworks producing 250,000 tons of ingots per annum, 
the cost of ingot moulds being £14 per ton less a scrap value of £6 
per ton (7.e., £8 per ton net). Assume that the ratio of mould to 
ingot weight is 1-0, and that an average mould life of 100 casts can 
be increased to 130 casts. In the author’s belief, a 30%, increase is a 


conservative estimate of what could be achieved in many high- 
production plants : : 


Mould life. F : : : : . 100 casts 130 casts 
Consumption of mould metal per ton of steel . 22-4 Ib. 17-2 Ib. 
Cost of moulds per annum . . . . £20,000 £15,385 
Cost of mould metal per ton of steel : - 19-20d. 14-77d. 


1 Stahl und Eisen, 1940, vol. 60, pp. 401-404, 427-433. 
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a By increasing the average mould life from 100 to 130 casts there 
is therefore a saving of 4:43d. per ton of steel, or £4,615 per annum. 
At an interest rate of 5°% this would justify the expenditure of about 
£92,000 on plant and equipment to secure this extra mould life, to 
say nothing of the added advantages obtained, such as hotter ingots 
sent to the soakers, less mould stocks required, &c. 


(2) The Influence of Mould- Wall. Thickness. 


A graph of exceptional significance is shown in Fig. 2 (see also 
Seventh Ingot Report, p. 166). 
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Fra. 2.—Correlation of Mould Life with the Ratio of the Minimum Wall 
Thickness to the Ingot Weight. : 


The factor selected for plotting against mould life was the ratio 
of the minimum wall thickness to the ingot weight. The mould 
ratio (cross-sectional area of the mould to that of the ingot) when 
plotted against mould life showed similar, but slightly less definite, 
relationships. 

The graph clearly indicates not only the relationship between 
the wall thickness and the mould life for three different types of 
moulds, but also the dependence both of the mode of failure and of 
the consumption of mould material on the wall thickness as follows : 


58 P MYERS: A REVIEW OF THE WORK OF 


(i) Thick-walled moulds of high mould ratio give a high life 
and fail by crazing. 

(ii) Thin-walled moulds of low mould ratio give a low life 
and fail by cracking. 

(iii) There is a strong tendency (in the examples given) for 
the large moulds to crack through having a low mould ratio 
and for the small moulds to craze through having a high mould 
ratio. 

(iv) At some intermediate mould ratio, where the mode of 
failure is presumably on the border line between crazing and 
cracking, minimum consumption of mould material is obtained. 


The optimum wall thickness for a given mould capacity will vary 
with the design and the composition of the mould metal and 
particularly with the conditions under which the mould is used. 

In general, if a mould is failing consistently by crazing, the wall 
thickness is above the optimum, and steps can be taken to reduce it, 
with resulting economy in mould material. Conversely, if a mould 
is failing consistently by cracking, the wall thickness is below the 
optimum, and thickening the mould wall will again effect economy 
in mould material. 

Cases are on record where considerable economies have been 
effected through reference to this graph. The wall thickness may 
be above or below the optimum as a result of a sudden change 
(beneficial or otherwise) in manufacture or in service, and steps 
should be taken accordingly. Quicker stripping, for instance, if this 
were consistent and permanent, would probably permit of a reduction 
in wall thickness. 

There can, therefore, be no general specification of wall thickness 
for a mould of given capacity, and it devolves on each steel plant to 
determine this for itself. 

Herein lies one of many reasons not merely for adopting a 
system of recording but for knowing the position at any moment by 
a periodic scrutiny of data. Most of the following results outlined 
in Section I., Part KE, which have been reported chiefly by one firm 
in The United Steel Companies group, come within this category, 
but it must be realised that they are not necessarily of general 
application nor even may they hold good for the individual works 
over long periods. Many of the factors involved are interdependent ; 
and making a change in one may necessitate a re-examination of 
the records to determine the new set of optimum conditions, which 
may differ from those applicable before the change. 


Part E.—Indiwidual Works Investigations (Statistical Examination 
of Records and Practical Experiments). 


(1) The Effect of Composition on Mould Life. 


A recent examination by graphical methods of some four hundred 
moulds enabled the above-mentioned firm to decide upon the 
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optimum composition (manganese 0-8-1-0%, silicon 1:0%, sulphur 
0-06% max., phosphorus 0-10%) for one mee mould in ce use 
(Figs. 3,5,7 and 8). The moulds were arranged in groups according 
to increasing contents of the above elements (the number in each 
group is indicated on the life curve), and, by plotting for each group 
the average value of mould life, the effect of these elements on the 
life was observed. The results (not published) were reported at the 
Seventeenth Open-Hearth Conference and are embodied in the 
following sub-sections (a) to (d). 

(a) The Effect of Manganese.—In the early stages of the work it 
was shown that as the manganese increased from 0-75 to 1:00%, 
failure of the mould due to cracking decreased and the life increased.1 


0-09 

0-06 + 0-08 

0:05 + 0-07 
= 
0:04 oS 
Sats 
& < 
2 oS 
vapor 
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Fig. 3.—Moulds Grouped according to their Manganese Contents. 


Unlike silicon, which is a graphitiser, manganese is a carbide 
stabiliser, and on the above result it would not have been un- 
reasonable to expect higher manganese to induce rather than to 
reduce cracking. Having in mind, however, the relatively high 
range of silicon (1-8-2-0%), it can be assumed that any influence of 
the manganese as a stabiliser has been masked by the high silicon 
as a graphitiser, and the tendency to reduce cracking is probably the 
result of additional strength imparted to the material by the 
manganese. In a later examination of records where a lower 
silicon content was found to improve life, the optimum manganese 
was shown to be lower, of the order of 0-9% (Fig. 3). N aturally, the 
stabilising effect of manganese, with its tendency to reduce crazing, 
was more marked with the lower silicon, and a lower concentration of 
manganese was sufficient to produce the same effect. 


1 Seventh Ingot Report, pp. 153-154. 
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(b) The Effect of SiliconWithin the range ‘s 70-2-:00% 
silicon, the mould life was shown to decrease with increase in — 
silicon, 7.e., oxidation, growth and crazing were liable to occur at an 
earlier stage. Conversely, the life increased with decreasing 
silicon content, despite a greater tendency to crack—rather than to 
craze-failure.t 

Later, a similar effect on the life was observed over a wider range 
of silicon, from about 0-9% to 1-:9% (Fig. 4). Below about 0-9% 


The sma// figures show the number of 
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1 Seventh Ingot Report, p. 154. 
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Fig. 6.—224-in. Semi-Closed-Top Moulds. Effect of silicon content on the 
mode of failure. 


of silicon, however, the life commenced to decrease again, whilst at 
0-6% of silicon premature failure by cracking was observed (Fig. 5). 
Although more moulds failed by crazing the higher the silicon 
content was, some moulds failed solely by cracking and some solely 
by crazing at all values of silicon between 0-9 and 1-:9%, but for a 
given silicon content those which failed by crazing gave a higher 
life than those which failed by cracking (Fig. 6). Those moulds, 
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Fia. 7.—Moulds Grouped according to their Sulphur Contents. 
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however, which showed a tendency to fail by cracking and crazing 
simultaneously gave the highest life throughout. This is not shown 
on the graph, but was found on a subsequent examination. 

(c) The Effect of Sulphwr—tThe adverse effect of sulphur above 
0-045% (Fig. 7) was apparent, but this was not necessarily due to 
sulphur as such but to poor coke and cold-working of the cupola. 
This aspect is dealt with later. 

(d) The Effect of Phosphorus.—The increasing beneficial effect of 
phosphorus up to 0:1% (the limit of the range examined at the time) 
was pronounced (Fig. 8). Two moulds since made, having phos- 
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Fic. 8.—Moulds Grouped according to their Phosphorus Contents. 


phorus contents of 0:216% and 0-245%, well exceeded the average 
figure for mould life. Moulds made with more than 0-3% of 
phosphorus, however, gave lives less than the average and failed 
prematurely through cracking. Moulds containing 0-179% and 
ee ars eee epee in the Sub-Committee’s First 
eport 1) gave much improved lives when compared wi i 
0:075%, of phosphorus. 3 F gan 

It would, therefore, seem that for the individual conditions 
prevailing at this plant it was safe and even beneficial to increase 
the phosphorus content of mould iron to 0-25%, with the possible 
exception of large moulds for forge products. 

Note.—It is important that high-phosphorus mould scrap should 
be segregated and clearly marked to prevent it from being remelted 
for manufacture into large ingot moulds. 

(e) The Effect of Chromium.—Additions of 0-3% and 0:5% of 
chromium were made to cupola charges of 100% hematite iron, 


1 Seventh Ingot Report, Section VI. 
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Compared with moulds made from 100% hematite alone there was 
some slight improvement in life, but this was more than offset by the 
increased cost of the mixture. 


) (2) The Influence of Foundry Practice. 


The total make of one type of mould for the year was arranged in 
groups according to the month of manufacture and the average 
analyses. There was a close relationship between the phosphorus 
and the life except at one period when the sulphur increased. 
Subsequent investigation proved that this was not due to sulphur 
as such, but to indifferent cupola practice, the bad period being 
associated with poor-quality coke and cold melts. A stricter control 
of foundry practice was therefore imposed and a system of recording 
put into effect. 

(a) The Method of Recording in the Foundry.—The recorded items 
fall under the following headings : ° 


Charge mixture with analyses of the constituents. 
Calculated analyses. 

Spoon-test analyses. 

Fluxes used. 

Tapping times. 

Blowing pressure. 

Temperature of ladle metal (Schofield pyrometer). 
Fluidity of the ladle metal (see below). 

Serial numbers of the moulds cast. 

Remarks. 


(b) A Fluidity Test—The fluidity test involved the immersion 
of a mild-steel rod in the ladle metal for a given time, the Joss in 
weight (expressed as a percentage) being a measure of so-called 
“fluidity.” Actually it would seem to be a measure of fluidity and 
solvent effect together, both of which are variables dependent upon 
temperature and composition. The test was one used by Schiffer 
and Feldmann, who referred to it in a paper on ** Pig Iron for 
Steelmaking and its Relation to the Melting Process in the Steel- 
works.” 1 They found that the “fluidity” as determined by this 
test increased with (a) decreasing silicon, (b) increasing manganese, 
(c) increasing phosphorus, and (d) increasing temperature. 

Since mould life has been found to follow a similar trend it was 
considered that here was a valuable “‘ yard stick” for judging the 
suitability of cupola iron for ingot moulds. Subsequent results have 
proved this. 

(c) Relationship between the Rod and the Spiral Fluidity Tests.— 
The relationship between the rod and the notched spiral fluidity 
test. devised by the British Cast Iron Research Association was 
determined experimentally for the Sub-Committee by the afore- 
mentioned firm in co-operation with the B.C.1.R.A. The results 
indicated that a straight-line relationship existed between the two 


1 Stahl und Hisen, 1938, vol. 58, pp. 641-646. 
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tests. Hence, for routine work the immersion rod test, which is 
much simpler, can be said to be as reliable a guide as the spiral test. 

(d) The Effect of Various Proportions of Mould and Steel Scrap 
in the Cupola Charge-—The lives of a large number of moulds made 
from (a) 100% mould scrap, (b) 25% mould scrap, (c) 10% mould 
scrap plus 10% steel scrap, and (d) 10% steel scrap were compared 
- with those obtained from moulds made with 100% hematite iron. 
The results showed little or no difference in mould life. What 
difference there was was within the scope of experimental error. 

(e) The Effect on Composition of Repeatedly Melting Mould Scrap 
in the Cupola.—A graph prepared for the Sub-Committee by the 
B.C.I.R.A. appears in the Seventeenth Open-Hearth Conference 
Proceedings. It shows the increase in sulphur and decrease in 
silicon and manganese which can be expected with-ten successive 
remelts of hematite iron. The sulphur rose steadily from 0-05% to 
0-35%. The silicon dropped from 2-0% to just under 1-:0%, and 
the manganese from about 0-8% to 0:3%. 

If,, however, the cupola charge was diluted with 50% of virgin 
hematite, the sulphur appeared to reach a maximum of 0-11% on 
the tenth remelt. 

(f) The Effect of Various Proportions of Different Brands of 
Hematite, Basic Iron, Mould, Foundry and Steel Scrap.—The 
mixture (one of five) giving the best mould life was as follows : 


East and West Coast hematite (half and half) A NS 
Mould scrap : : : : ‘ c 15% 
Basic iron, foundry and steel scrap : : SEA 


The analysis of the mixture was : 


Silicon. Manganese, Sulphur. Phosphorus, 
1-0% 0-:80% <0-045% 0-095 % 


The average sulphur of this mixture was low and the phosphorus 
high compared with the other four mixtures, and these beneficial 
effects probably masked in some degree the effect of the charge 
mixture as such. 

, (g) The Effect of Part-Blown Hematite Iron from the Converter.— 
Four moulds, made from this material, had the following average 
analysis : 


Carbon. Silicon, Sulphur. Phosphorus. Manganese, 
2-38%, 2-19% 0-034% 0-033% 0-86% 
All four moulds cracked the first time they were put into use. 

(h) The Effect of the Time between Casting the Mould in the 
Foundry and its Removal from the Sand.—Three batches of eight 
moulds each were stripped ‘in the foundry at intervals of 5, 10 and 
24 hr. after casting. 

_ Stripping consisted in drawing the core spindle, followed 
immediately by removing the box. The sand still adhering was left 
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until cold. All the moulds ran a normal life and failed by crazing. 
Those stripped in 10 hr. (the normal practice) gave about 10% 
higher life than the other two groups. No conclusions have as yet 
been drawn from this test. 

A similar test was conducted on moulds stripped normally and 
others left in the sand throughout the week-end. No difference in 
mould life was observed between the two methods of treatment. 

(i) The Effect of Annealing.—Two batches of six moulds, of a 
type which failed owing to cracking, were annealed. Six were given 
a stress-relieving anneal at 450° C. for 10 hr. and six were annealed 
(at 860° C.) for 10 hr. No difference was observed in the life between 
these and untreated moulds, and all failed in the usual manner 
owing to longitudinal corner or facial cracks. The effect which 
detachable feeder-heads have on the mode of failure may have 
obscured any effect of annealing. The Sub-Committee felt at the 
time that the result was not conclusive and contemplate carrying 
_ out further tests when conditions are more opportune. 

(j) The Effect of Weathering to Reduce Foundry Stresses.—The 
lapse of time between casting the mould in the foundry and putting 
it into service was examined for some six hundred moulds each in 
two steel plants. The periods varied from under one week to over 
16 weeks. The results showed definitely that there was nothing to 
be gained from the practice of ageing moulds before use. 


(3) The Influence of Casting-Pit Practice. 

(a) The Effect of Casting-to-Stripping Time.—A number of experi- 
ments in this field were conducted by different firms, and in each 
case a marked improvement in mould life was observed with 
reduced casting-to-stripping time, thus bearing out the results 
recorded graphically in Section L., Part D(1). It is important to 
note that the reduced casting-to-stripping times quoted in the 
Seventh Ingot Report (pp. 151 and 152) were obtained from average 
values; if the moulds had been subjected consistently throughout 
their life to a reduced stripping time this effect would probably 
have been much greater. If one stripping time in a series of short 
stripping times is specially long, any gain in life expected from the 
shorter average stripping time will be largely offset. 

(b) The Effect of Steel Composition.—The average life of a batch 
of moulds used solely for a 0:25% carbon steel was compared. with 
that of similar moulds into which a small proportion of steels with 
0:40% of carbon and over were cast. The moulds used for the 
0:25°, carbon steels showed a 13°%, longer life. This result was in 
line with a previous experiment. 

(c) The Effect of High Casting Temperature of the Steel—Two 
instances are recorded. In the first case all the eighteen moulds 
used had to be scrapped and in the latter case seven out of the 
twenty-five used were no longer fit for service owing to scabby 
surface. 

19483—i BF 
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(d) The Effect of Mould Temperature immediately before Teeming. 
—The disastrous effect of teeming into hot moulds is well known 
and naturally no experiment was conducted intentionally to prove 
this, but by an examination of records it was shown that relatively 
small variations in the temperature of the mould (even only slightly 
above shop temperature) had a marked effect on mould life. The 
greater cooling effect in winter gave improved life compared with 
that in summer; also the longer the time interval between 
successive casts the higher was the life. , 

(e) Other Deleterious Factors minimised by Improved Casting-Pit 
Technique—There was a marked improvement in mould life 
following the installation of cooling gantries. 

Wider spacing of moulds as set for casting improved the life by 
permitting greater air circulation. 

The opposite sides of moulds which are always set in contact 
with adjacent moulds tend to fail first by crazing of the working face, 
and improved life can be obtained by turning moulds through 90° 
for each casting. . 

In certain cases mould life has been improved by a gradual 
thickening of the mould wall in that region of the mould most prone 
to failure. 


Part F.—Modes of Failure of Ingot Moulds. 


Section I. would not be complete without reference to the modes 
of failure (crazing and premature cracking) of ingot moulds. 


(1) Disintegration of the Working Face (Crazing). 

In the initial stages of the work Mr. J. G. Pearce (a Member of 
the Sub-Committee) dealt fully with this aspect of the problem in a 
paper on “The Failure of Ingot Moulds for Steel Ingots. The 
Influence of Composition and Structure.’’! He explained in detail 
the mechanism by which crazing commenced and proceeded to 
ultimate failure. This, briefly, was due to oxidation and growth 
commencing in the graphite cavities and was accelerated when the 
working face reached the pearlite change point at a temperature of 
about 780° C., when a definite contraction took place. Thus, 
contraction of the working face would take place simultaneously with 
expansion immediately behind, giving rise at first to the formation 
of minute fissures and developing later the well-known crazy 
appearance. 

Mould irons for withstanding cracking should contain coarse 
graphite and be of relatively open grain; mould irons to withstand 
crazing should be harder and of a finer-graphite structure. The 
two requirements are antagonistic, with the result that mould iron 
at its best is only a compromise. Reference was also made to the 
graphitising as well as to the carbide-stabilising constituents of the 
mould iron, such as silicon, aluminium, nickel and copper on the 


1 Seventh Ingot Report, pp. 184-195. 
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one hand and chromium, molybdenum and manganese on the other, 
These are arranged in descending order of the appropriate effect. 


(2) Premature Cracking. 


Cracks, whether of the “‘abrupt”’ or “‘ gradually developing ”’ 
type, are obviously due to the uneven distribution of temperature 
causing stresses in excess of the strength of the material at some 
point and time during the heating cycle. Points of weakness, at 
which cracks develop, may be due to bad design (abrupt changes in 
section); to residual stresses, the accumulation of kish, porosity or 
minute cracks due to indifferent founding; or to heterogeneity. 

Liability to cracking may be somewhat minimised by employing 
a relatively soft iron (high carbon, coarse graphite) which can 
accommodate itself more readily to stress than one of harder 
quality. For this reason a softer iron is used for moulds of large 
capacity where failure due to cracking must be avoided. 

Such, then, can be said, briefly, to be the reasons for cracking 
expressed qualitatively, and investigatory work in this field on 
moulds which have failed in service by major cracking has been 
undertaken. 

(a) Examination of an 80-Ton Slab M ould.—An exhaustive test 
was conducted by the B.C.I.R.A. in co-operation with the manu- 
facturer and user on a large slab mould which, owing to a crack, 
became unusable after casting the third ingot. 

The failure was attributed to a number of factors, as follows : 


(i) An abrupt change in wall thickness at the bracing-bar 
support. 

(ii) Heterogeneity in structure (the graphite in the region 
of the crack was of the “ feathery ” type, as distinct from the 
coarser, more uniform and randomly orientated graphite flakes 
in other parts of the mould). 

(iii) The particularly low tensile and transverse strength 
values in the region of the crack. 

(iv) The mould ratio occupied a position in the graph, Fig. 2 
(see Section I., Part D (2)), which showed that it was extremely 
liable to fail prematurely by cracking and suggested inadequate 
wall thickness. 


(b) Examination of Three 64-Ton Slab Mowlds.—These moulds 
were identical in design and made at the same foundry. Two used 
under floor-casting conditions gave normal lives, whilst the third 
employed under pit-casting conditions failed after 18 heats. 

Early failure of the third mould was attributed to : 


(i) The sharp and distinct variation in structure between 


the top and bottom. 

(ii) The relatively low transverse strength at the bottom of 
the mould where the crack originated. 

(iii) The deleterious effect of casting in a sunk pit. 


_ 
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Part G.—Other Work. 


(1) Work Carried out but not Published. 


(a) A New Structure for Ingot Moulds.—In the early stages of the 
work of the Sub-Committee the B.C.I.R.A. had just developed a 
process on a laboratory scale whereby a fine-graphite structure could 
be imparted to high-carbon irons of relatively thick section, resulting 
in an increase in transverse strength from 14 tons to 20 tons per sq. 
in. The process involved the treatment of a titanium-bearing iron 
melt with carbon dioxide. 

The -possible improvement of iron for ingot moulds by this 
process was too important to be disregarded, and large-scale trials 
were conducted at the foundry of a member firm in co-operation 
with the B.C.I.R.A. The results were disappointing, there being 
little or no improvement in mould life. Subsequent examination of 
the mould-wall structure revealed that the graphite in the iron had 
not attained the degree of fineness anticipated. 

(b) Correlation of the Properties of Metal with Performance in Use. 
—A large-scale investigation was in progress at the works of a 
member firm at the outbreak of war, but this work had to be dis- 
continued, since it threw too great a burden on the foundry and 
locked up a substantial amount of hematite. The work involved 
the casting of a large test-piece under controlled conditions with 
each mould made. The test-pieces were examined by the B.C.1I.R.A. 
and the properties correlated with the life and behaviour of the 
moulds in service. Up to the suspension of this work the results 
were too few to show any definite relationship between the factors 
involved. 


(2) Work Contemplated. 


(a) High-Steel-Scrap Cupola Iron for Moulds —It is hoped to 
carry out field tests using this iron as a substitute for hematite for 
ingot moulds as soon as it becomes available. 

It may be necessary to make the addition of other irons during 
the process of melting in order to obtain the properties required for 
ingot moulds. 

(b) The Influence of Annealing. —The first tests originally carried 
out in this field were inconclusive, but it is still held, in some cases of 
premature cracking, that residual stresses due to founding practice 
may be the cause. The Sub-Committee are anxious to prove this, 
but it has been difficult to obtain appropriate examples coupled 
with the availability of the annealing-furnace capacity required. 


(3) A Further Questionnaire. 


The Sub-Committee issued a questionnaire in 1935 to all users of 
moulds, and the information thus obtained and the results of 
statistical examination appear in the Seventh Ingot Report. 

A further questionnaire has been prepared, which it is hoped to 
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issue to all manufacturers as well as to users of ingot mould: 
Whilst the replies to the first questionnaire proved of ae! aes 
was always felt that these were incomplete without a knowledge of 
the influence of the factors involved in the founding of ingot moulds. 
An exchange of information on the founding as well as on the usage 
of ingot moulds will not only allow more accurate deductions to 
- drawn, but will result in a general improvement in ingot-mould 
ife. 


(4) Bibliography. 

A comprehensive bibliography of the subject, covering the period 
1899 to January, 1937, was compiled by The Iron and Steel Institute 
and British Cast Iron Research Association Librarians. 


SECTION II.—TxHeE Basic CavusES OF CRACKING. 


Whilst the causes of cracking can be expressed qualitatively, 
there are still insufficient quantitative data available on which to 
design moulds on a scientific basis with the object of eliminating 
cracking. 

Cracking depends on the magnitude of the stresses set up in the 
- mould and on the mechanical properties of the mould metal at room 

and at elevated temperatures, and until data are available on these 
aspects of the problem, moulds will continue to be designed by 
empirical methods. 

The Sub-Committee soon realised, therefore, that fundamental 
work in this field should proceed concurrently with the more 
practical aspect, and as a first step instituted the Stresses in Moulds 
Panel to direct this side of the work, which is described below. 


Part A.—The Determination of the Temperature Gradients in the Wall 
of a Slab Mould. 


Only a very imperfect picture of the temperature distribution in 
a mould can be obtained from the known physical constants, and, 
since other important factors play a part, the Sub-Committee decided 
as a first step to obtain these data experimentally. 

The investigation was carried out by the Technical Department 
of the British Iron and Steel Federation (with the generous co- 
operation of the Appleby-Frodingham Steel Co., Ltd.) on a 10-ton 
slab mould. Time-temperature curves were obtained from no fewer 
than thirty-two positions in adjacent walls which included the corner, 
The technique employed and the results obtained are given in the 

Eighth Report on the Heterogeneity of Steel Ingots,’ pp. 278-294. 
The results show inter alia that : 


1 Seventh Ingot Report, pp. 195-213. 
2 Tron and Steel Institute, 1939, Special Report No, 25. 
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(i) Quite apart from the end effect, a wide variation in 
temperature exists between different parts of the working face 
of the mould. This is accounted for under (iii) and (iv) as well 
as by the greater mass effect of mould material at the corners. 

(ii) There is a tendency for the broad side of the mould to 
bend inwards, bringing pressure to bear on the broad side of 
the ingot, particularly in that region where crazing is at its 
worst. 

(iii) There is less overall lateral contraction of the ingot and 
less lateral expansion of the mould between the two broad sides 
compared with the other two. 

(iv) There is a considerable early withdrawal of the ingot 
from the mould at the corners and narrow sides and no indica- 
tion of this in the middle of the broad side. 


The results as a whole suggest that before the stresses‘in a mould 
wall can be accurately calculated for any mould the temperature 
distribution must be determined experimentally. Data were also 
required on the physical and mechanical properties of mould 
material at room and at elevated temperatures. 


Part B.—Papers Presented for Publication through the Stresses in 
Moulds Panel. 


(1) The Thermal Relations between Ingot and Mould. By T. F. 
Russell (English Steel Corporation, Lid., Sheffield). 


Mr. Russell (a Member of the Panel) had already done con- 
siderable mathematical work in this field and in 1940 was induced 
by the Panel to publish his earlier work together with that under- 
taken later on behalf of the Panel. 

His paper includes a quantitative examination of Saitdé’s 
formule for the distribution of heat between ingot and mould. 

Examples are worked out for circular and square ingots of the 
same cross-sectional area cast into moulds of different thicknesses. 
Curves show the temperature at different points in the ingot and 
moulds, the temperature distribution across a diameter and the 
total quantities of heat in the ingot and the mould at different times. 

Curves are also drawn to show the effect of the mould ratio on 
the temperature cycle occurring in the ingot near to the mould wall 
and on the time taken for the temperature at the centre of an ingot 
to fall by certain amounts representing solidification. The latter 
indicate that solidification is accelerated by increasing the mould 
thickness until the mould ratio is about 0-8-1-0, but that a further 
increase has an inappreciable effect. Four sets of experimental 
results on the measurement of mould temperature are examined, 
and they show that the greatest difference between theory and 
practice is found at positions in the mould near the working face, 

1 Journal of The Iron and Steel Institute, 1941, No. I., pp. 163 p-191 P. 
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due doubtless to the effect of the air-gap forming between the ingot 
and the mould. : 


(2) Thermal Stresses in Ingot Moulds. By T. Land (Research 
Department, Messrs. William Jessop & Sons, Ltd., Sheffield). 


The Panel are indebted to Mr. D. A. Oliver (a Member) for 
directing one of his staff to work on this problem. Although Mr. 
Land does not claim finality to his work, it follows in logical sequence 
upon that of Mr. Russell. Mr. Land’s paper? includes the calculation 
of the stresses in a long circular mould, on the assumption that the 
physical properties of the mould iron are independent of temperature 
and of stress. Under these conditions it is shown that stresses at the 
outer surface are roughly equal to the ultimate strength of the mould 
iron. In a very thin mould, however, the stresses exceed those in 
one of normal thickness by about 20%. 

Next, the theory is developed to take account of the plastic 
deformation and varying physical constants of the mould iron, and 
in these circumstances the stresses are shown to be approximately 
half the ultimate strength of the mould material. 

Other sections deal with moulds of non-circular section and with 
end effects. 

A further section points out that the surface stresses can be 
calculated from the measurement of the temperature and expansion 
of the outer mould surface, and the exact relationships are set out 
together with suggestions for further experimental work before 
expansion of the present work can be attempted. These are set out 
in Part C (3) below. 

The last section gives the detailed mathematical analysis of 
stresses in long circular moulds of perfectly elastic material. 


Part C.—Laboratory Work. 


(1) Work Done on the M echanical and Physical Properties of Mould 
Material. 

The Stresses in Moulds Panel at first considered that representa- 
tive material would best be obtained from an actual mould, and-on 
request the Appleby-Frodingham Company went to considerable 
pains to cut the 10-ton slab mould used for the experimental 
temperature determinations into sections. : 

Work on this material conducted by the B.C.1.R.A included : 


(i) The determination of transverse, tensile and Young’s 
modulus values at room temperature and at 600° C. on ten 
test-pieces representing approved positions in the mould wall. 

(ii) DiJatational tests on two test-pieces between room 
temperature and 830° C. 

The results (under (i)) showed considerable heterogeneity as well 


1 Journal of The Iron and Steel Institute, 1943, No. I., pp. 75 p—93 P (this 
volume). 


72P MYERS: A REVIEW OF THE WORK OF 


as the deleterious effect of service conditions on the properties of the 
mould material, particularly in the region of the working face. 
There was, however, insufficient material to carry out the mechanical 
tests at more than two temperatures. 


(iii) The determination of Poisson’s ratio was carried out at 
the Brown-Firth Research Laboratories on two samples 
obtained from this mould at 0-5, 1-0, 1-54 and 2-0 tons per sq. in. 


The results revealed wide dissimilarity. 


(2) Work Done on Model Moulds. 


(a) Residual Stresses due to Founding —Work was commenced at 
the Brown-Firth Research Laboratories on the determination of 
residual stresses in model moulds due to founding, in the as-cast 
condition and after receiving a stress-relieving anneal. The method 
adopted was to measure the distortion after a series of successive 
cuts. 

The work was interrupted by enemy action, but sufficient data 
were obtained to indicate that the stress distribution was irregular. 

It is hoped to continue the work under more favourable conditions. 

(b) The Measurement of the Variation of Strain with Temperature 
in the Wall of a Model Mould into which an Ingot has been Cast.— 
This work was commenced by the B.C.I.R.A. and preliminary results 
were obtained, but the whole equipment was destroyed by enemy 
action, and the work was discontinued. 


(3) Further Work Contemplated. 


(a) Representative Material—To procure material which is fully 
representative of the general run of moulds as cast is one of the 
chief difficulties, but it is hoped this can be met by inviting a number 
of mould-makers to cast two test blocks under controlled conditions 
concurrently with the casting of an ingot mould or moulds from the 
same ladle. The subsequent history of the mould or moulds will be 
recorded for reference. 

(b) Stress-Strain Curves.—It is hoped to obtain stress-strain 
curves at temperatures up to 800° C. on this material in the-as-cast 
condition and after receiving a stress-relieving anneal. 

It is suggested that the tests be conducted in tension up to 300° 
C., in tension and compression between 300° and 500° C. and in 
compression above 500° C. It is also desirable to know how the 
strain varies with the rate of loading in the plastic range. 

(c) Poisson’s Ratio—This has yet to be determined accurately 
at the temperatures and stresses employed for the mechanical tests. 

(d) Large-Scale Experiment involving the Measurement of Strain 
and Temperature in the Wall of a Commercial Mould into which an 
Ingot has been Cast.—This would be a more direct attack on the 
problem compared with the mathematical determination of stress, 
and, as suggested in Mr. Land’s paper, should be useful in checking 
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and interpreting the calculated values. 


complementary and _ together 
should make it possible not 
only to recommend sound prac- 
tice in mould design but also to 
develop and test improved 
materials for ingot-mould manu- 
facture. 


Part D.—A_ Technique for 
Determining the Temperature 
in the Interior of a Freezing 
Ingot. 


Following upon the presenta- 
tion of Mr. Russell’s paper it 
was believed that (in the large- 
scale experiment envisaged for 
the determination of heat’ distri- 
bution, concurrently with the 
measurement of strain, in the 
mould wall) it would be desir- 
able to know accurately the tem- 
perature conditions within the 

- freezing ingot. This was also of 
considerable interest to the In- 
got Committee on metallurgical 
grounds. The method of insert- 
ing couples through the mould 
wall had often failed owing to 
the shearing action of the ingot 
during contraction. There was 
also a tendency for the sheath to 
bend upwards owing to buoy- 
ancy. The latter effect was 
observed also when sheaths were 
inserted into the molten steel 
from above. 

A technique was devised: and 
a works experiment was con- 
ducted by the author of this 
review through the courtesy of 
the late Mr. R. P. Smith. Fig. 
9 is a diagram of the assembly. 
The couple, encased in a slender 
silica sheath, was anchored to the 
base-plate and was thus sup- 
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Fic. 9.—Assembly o 
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ported in the ingot mould in a vertical position owing to buoyancy. 


The experiment (carried out merely 


to prove the technique) was 
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conducted on a 48-cwt. uphill-cast ingot using a silica sheath of 
only 3,-in. outside diameter. Thus the time-lag was reduced to a 
minimum. <A time-temperature curve was obtained for that position 
in the freezing ingot where it is most difficult to maintain the silica 
sheath intact, viz., in the last portion to freeze immediately below 
the head. 

The result proved that by this means a large number of accurate 
temperature determinations could be made concurrently at different 
positions in the freezing ingot, at least for ingots cast uphill. 


SUMMARY AND CONCLUSION. 


The results of the foregoing researches taken as a whole indicate 
a number of ways by which the performance of ingot moulds may be 
improved. These include reduced casting-to-stripping time, ade- 
quate cooling facilities, correct wall thickness, correct composition 
of mould material, improved founding technique in manufacture, 
and improved casting-pit practice as a whole. 

They point to the disregard which designers of steel plant have 
had in the past for providing adequate accommodation and equip- 
ment whereby moulds might receive the treatment consistent with 
the important position that they occupy on the cost sheet. 

They suggest that fundamental research should proceed con- 
currently with work on the more practical side, if for no other reason 
than to obtain accurate data for designing moulds which will not 
crack, as against the empirical methods at present used. Some 
results of such fundamental work are given in Section IT. 

Up to the present, however, much more valuable results have 
been obtained from works experiments and the study of works 
records than from fundamental laboratory work. 

It seems, therefore, that, despite war conditions, every effort 
should be made to ensure that each works should keep full and 
accurate records of mould history, not only for control within the 
works but also for collective research purposes. 


(em TOper) 


THERMAL STRESSES IN INGOT MOULDS.* 
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Paper No. 20/1943 of the Committee on the Heterogeneity of Steel Ingots 
(submitted by the Stresses in Moulds Panel of the Ingot Moulds 
Sub-Committee, a Joint Sub-Committee of the Heterogeneity and 
Open-Hearth Committees). 


SUMMARY. 


Cracking, caused by the thermal stresses set up during the 
casting of ingots, is a frequent cause of ingot-mould failure. A more 
exact knowledge of the effect of ingot-mould shape and the pro- 
perties of the ingot-mould iron on the magnitude of the thermal 
stresses would be of immediate practical value. With this con- 
sideration in mind the thermal stresses under certain conditions 
have been calculated. The paper has been divided into two parts. 
In Section 1 of Part I. the stresses in a long circular mould have been 
calculated on the assumption that the physical properties of the ingot- 
mould iron are independent of temperature and of stress. It is 
shown that under these conditions the stresses at the outer surface 
would be roughly equal to the ultimate strength of the ingot-mould 
iron. The stresses in a very thin mould exceed those in one of 
normal thickness by about 20%. In Section 2 the theory is de- 
veloped to take account of the plastic deformation and varying physi- 
cal constants of the cast iron, and in these circumstances the stresses 
are shown to be approximately half the ultimate strength of the 
mould material. Section 3 deals with moulds of non-circular section 
and Section 4 with end effects. In Section 5 it is pointed out that the 
surface stresses can be calculated from measurement of the tempera- 
ture and expansion of the outer mould surface, and the exact relation- 
ships are set out. Arising out of this investigation suggestions are 
made for future experimental work. Part II. of the paper gives the 
detailed mathematical analysis discussed under Section 1 of Part sts 


INTRODUCTION. 


SEVERAL years ago Members of the Ingot Moulds Sub-Committee 
under the Chairmanship of Mr. R. H. Myers were fully aware of the 
desirability of pursuing both theoretical and experimental investiga- 
tions into the performance and cause of failure of ingot moulds. 
The early investigations of the Sub-Committee were almost exclu- 
sively concerned with accumulating and analysing service data in 
steelworks, in order to throw light upon the extremely variable 
ingot-mould lives which have been characteristic of many steel- 
works in this country and abroad. Valuable experimental data 
were accumulated and set out in the First and Second Reports 

* Received September 25, 1942. This paper is published by authority 


of the Committee on the Heterogeneity of Steel Ingots. ‘The views expressed 
in it are the author’s, and are not necessarily endorsed by the Committee as 


a body. 
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of the Ingot Moulds Sub-Committee.1'® In 1939 a small Panel of 
the Ingot Moulds Sub-Committee was formed under the Chairman- 
ship of Mr. G. Stanfield to study both theoretically and. experi- 
mentally the stresses which were set up in ingot moulds during the 
teeming of liquid steel. The present research was carried out for 
the Stresses in Moulds Panel and is now put forward as a contribu- 
tion towards the elucidation of some of the problems which are its 
special concern. 


Part 1.—The General Problem and its Solution. 


One important type of ingot-mould failure is cracking due to the 
thermal stresses set up during the casting of ingots. Although the 
cause of the cracks is well known, there is at present little detailed 
information to assist the designer to produce moulds which will 
resist cracking. It is likewise not very clearly understood what 
mechanical properties should be sought in choosing the ingot-mould 
material. A method of calculating or measuring the stresses set up 
in moulds of different shapes and materials is clearly necessary. 

The mathematical problem is one which defies an exact solution. 
The moulds normally used are of varied and complicated shapes 
and the physical properties of the ingot-mould material vary widely 
with temperature. In spite of the complexity of the subject it is, 
however, possible to derive approximate solutions to some of the 
simpler problems. In addition certain general relationships can 
be given which allow us to delineate, in its broadest outline, the 
picture of the stresses set up in moulds of complicated shapes. A 
body of information is presented which should prove useful when 
more experimental work is attempted. 

The problem is approached in five stages. In the first section 
the case of a long cylindrical ingot mould is discussed on the assump: 
tion that the mould material remains perfectly elastic and that its 
elastic constants do not vary with temperature. Section 2 is an 
attempt to gauge the effect of the plastic deformation of the mould. 
In Section 3 the case of a long non-circular mould is considered and 
Section 4 deals with end effects. 

The stresses at the outer surface of the mould are almost certain 
to be the criterion of the tendency of the mould to crack. These 
stresses can be deduced from strain and temperature measurements 
made on the surface of the mould. The exact relationships are 
given in Section 5, so that, when careful measurements of surface 
strain are made, the strains can be interpreted in terms of stresses 
and hence used to examine the validity of the various expressions 
derived in the earlier sections of the paper. 


(1) Long Cylindrical Moulds of Uniformly Elastic Material. 


In this section the case is treated of open-ended moulds of circular 
cross-section long enough to make the effect of the ends negligible 
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at the point considered. This shape is amenable to formal treat- 
ment and the information derived from its study will be found useful 
when more complicated shapes are considered. The material is 
assumed to be perfectly elastic and the elastic constants to be 
independent of temperature. It is clearly recognised that these 
conditions are far from representing those actually attained in 
practice. It does, however, provide a basis for the investigations 
to which refinements can be added later. It should be noted that 
while the elastic constants vary widely with temperature the value 
of Ha«/(1 — v),* which is the form in which they are combined in the 
stress formule, is much more nearly constant. 

Without going into detail it is possible to see the general effect 
on the mould of casting an ingot in it. When the metal is poured 
into the mould the inner layer of the mould is heated to a bright 
red-heat. At this temperature the inner ring of the mould material 
tries to expand. The expansion is resisted by the outer layers of 
the mould which are still cold. This conflict results in a com- 
pressive hoop stress in the inner part of the mould and a tensile 
hoop stress in the outer part. At the same time the material of the 
mould suffers a radial compression. The hot inner part of the 
mould also tries to expand in the axial direction. The cool outer 
portion of the mould resists this tendency, and thus there is an axial 
compressive stress inside the mould and an axial tensile stress in 
the outer part. 

The details of the mathematical analysis of the problem will not 
be of interest to the general reader and they have therefore been 
discussed separately in the second part of the paper. The analysis 
follows the classical theory of stresses in hollow cylinders, the 
equations for the temperature distribution being based chiefly on the 
work of Sait6,® which was tested experimentally by Russell.” 

Two of the moulds which Russell dealt with in his paper have 
been chosen and the stresses at the inner and outer surfaces have 
been calculated on the assumptions outlined above. In each case 
the ingot is 93} cm. in dia. and the moulds chosen are 20 and 63 cm. 
thick respectively. The corresponding mould ratios ¢ are 1-014 and 
0-306. 

The following values have been assigned to the physical con- 
stants of the ingot mould. 


i] 


2-67 < 108 tons per sq. in. 
13-3 x 10-° per ° C. 

0-25 

0-015 c.g.s. units. 

0-10 e.g.s. units. 


Young’s modulus : 
Coefficient of linear thermal expansion 
Poisson’s ratio 

Newton’s law cooling constant (h) 
Thermal diffusivity (a?) 


The effective temperature of the metal cast is taken as 1600° C. 
above the initial temperature of the mould and the surrounding air, 


* For notation, see Part II. _ 
+ The mould ratio is the ratio of the cross-sec 


and ingot. 


Hei de Wt 


tional areas of the mould 
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which are takenas zero. This value is chosen to keep the temperature ~ 
calculations in line with those of Russell. 


Tensile stress. 
Tons per sg. in 
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Fig. 1—The Temperatures and 
Thermal Stresses at the Outer 
Surfaces of Two Circular Ingot 
Moulds, calculated on the assump- 
tion that the thermal and elastic 
constants are independent of tem- 


perature and of stress. 


Compresswe stress. 
Tons per 5¢.m. 


rature. iA &: 
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Fia._2.—The Temperatures and Ther- 
mal Stresses at the Inner Surfaces 
of Two Circular Ingot Moulds, 
calculated on the assumption that 
the thermal and elastic constants 
are independent of temperature 
and of stress, 
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Any different values of 
this temperature or of the first 
three of the constants may be 


. allowed for by multiplying the 


stress by a factor which is the 
same for all stresses at all times. 

The results of the calculations 
are presented in graphical form 
showing how the surface stresses 
rise to a maximum value and 
then fall away again. The tensile 
stresses at the outer surface of 
the two moulds are shown in 
Fig. 1. The temperatures at the 
outer surfaces are shown on the 
same diagram. The two stress 
curves are of very similar form 
but the time scales are approxi- 
mately in the ratio of the squares 
of the thickness of the moulds. 
In each case the stress reaches its 
maximum value when the surface 
temperature has risen by about 
60° C. It will be noticed that 


the surface of the thin mould © 


reaches & maximum stress some 
18% greater than the thick 
mould. 

The stresses at the inner sur- 
face are of less practical impor- 
tance but they have been calcu- 
lated and are shown in Fig. 2., 
It will be observed that the 
maximum compressive stress is 
the same in each case, but the 
thin mould remains under a high 
stress for a much shorter time. 
This may be one reason why 
thick moulds show a greater 
tendency to craze than thin 
moulds. The value of the cal- 
culated maximum tensile stress 
at the outer surface is about the 
same as the true breaking stress 
at room temperature for a cast 
iron of this type, but the initial 
compressive stress at the inner 
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surface is far in excess of any which could be maintained at high 
temperatures. It is clear that considerable plastic deformation will 
occur in the inner layers of the mould. 


(2) The Effect of Plastic Deformation. 


When the stress-strain curve becomes non-linear the problem 
passes beyond the range of the classical mathematical theory. It 
is possible, however, to use an approximate graphical method * for 
computing the thermal stresses from the true stress-strain curves 
of samples of mould material measured at different temperatures. 
To do so certain assumptions must be made. 

In Part II. of the paper the equations relating the stresses and 
strains under elastic conditions are fully set out. Two of these are 
important at this stage and will be discussed in detail. Equation 
(9) gives the axial stress (c,) at any point in the mould wall and may 


be written : 


2. tft) — 8} 


Oo, = 


This is the same as the equation for the stress in an infinite plane 
slab which is not allowed to distort, but is allowed to expand by an 
amount «f(t) in the directions of its length and breadth. 

The physical meaning of the equation when applied to the slab 
is quite simple. The total linear expansion of the material is «f(¢), 
but of this an amount «6 is due to the thermal expansion. The 
remainder, namely, «{ f(t) — 0}, is due to the stress o,. If this stress 
were applied only in one direction, we should write: — 


o, = Haff(t) — 9} 


Since the stress is applied in the direction both of the length and of 
the breadth the factor 1/(1 — v) is introduced. 

Let us consider how it comes about that the same equation is 
applicable to the long cylindrical mould. Equation (6) in Part II. 
gives the relationship between the radial, tangential and axial 
stresses under elastic conditions : 


a, = o + Oy 


Thus the axial stress is equal to the sum of the two stresses acting 
at right angles to the axis. Putting ¢, = o,/H, &c., we may now 
write ¢c, = & + £4. The strain in the axial direction resulting 
from the two stresses o, and o, will be v(e, + 4); which is the same 
as the strain ve, that would be produced by a single stress equal to 
o, in, say, the tangential direction. This accounts for the identity 
of the expressions for the stresses in slab and cylinder. 

In developing a theory which will take account of the non- 
linear stress-strain relationship with which we have to deal for cast 


* A similar method, applied to a simpler problem, has been described by 


White. 
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iron, it will be assumed that we may still calculate the axial stress 
in a cylindrical mould by analogy with an infinite slab. This is 
an approximation, for the relationship ¢, = ¢, -- ¢4 no longer holds 
exactly. However, the maximum value of radial stress in moulds 
of normal thickness never becomes more than about 15% of the 
maximum axial stress, and it is therefore unlikely that the error 
will be serious. , 

Making this approximation we can now proceed to calculate 
the axial stresses. We need a further condition to obtain our 
solution, namely, that the total force acting on any cross-section of 
the mould perpendicular to the axis is zero. This is, of course, 
equally true for plastic and elastic conditions. 


8 
oc 200T 


a 


800°C. 


Tons per sg. in. 
\ g 


Strain Yo. 


ie) 


Fic, 3.—The (Fictitious) Stress-Strain Curves for Ingot-Mould Iron. The 
strain axis has been contracted in the ratio (1 — vy) so that the curves 
become applicable to the case of equal stresses acting in two perpendi- 
cular directions. 


The only experimental data usually available are the stress- 
strain curves taken when the stress is applied in one direction only 
In the ingot mould—or rather in the equivalent slab which we shall 
be considering—equal stresses are applied in two perpendicular 
directions. Under these conditions the linear strain corresponding 
to a given stress is reduced in the ratio (1 — v). In Fig. 3 the 
curves represent true stress-strain curves taken on normal test- 
pieces, but the strain axis has been contracted in the ratio (1 — v) 
so that the curves become applicable to the case of equal stresses 
acting in two perpendicular directions. Poisson’s ratio (v) is 
usually applied only to elastic deformation, but the use of the 
symbol in the following analysis is extended to cover plastic deforma- 
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tion. Different values for v have been taken at different tempera- 
tures, and there is no reason why different values should not be 
taken at different stresses if that should be necessary. The origin 
of each curve has been moved to the right by an amount «6, where 6 
is the temperature of the test. The intercepts on the stress axis 
COOL ies sche. ) represent the stresses necessary to restrain com- 
pletely the thermal expansion of a thin plate of the mould material 
in the directions of its length and breadth when heated to different 
temperatures. 

If we assume a certain temperature distribution in the mould 
wall, Fig. 4, we can immediately deduce the stress distribution 
which would be set up if the length of the mould were forced to 
remain constant. This is done by plotting the intercepts OK,, 


800 


Temperature. 
a 
fe) 
9 
Inner mould surface. 


Outer mould surface. 


8 
S) 


Comms 56 60 


r2 


64 


Fig. 4.The Temperature Distribution in the Wall of a Circular Ingot Mould, 
934 cm. in dia. and 6% cm. thick, 1 min. after casting. 


OL,, &c., in Fig. 3 corresponding to each temperature, Fig. 5.” If, 
instead of plotting the distance r of each point from the centre of 
the mould as our abcissa, we plot the area s of the circle of radius r, 
then the area OP,Q,R (Fig. 5) represents the total force on a cross- 
section of the mould. Suppose that we now allow the mould to 
expand uniformly in the axial direction, the stress will be Rue 
and the area OP,Q,R (taking account of sign) will decrease go 
eventually vanish. The curve PQ at various stages can be ace 

as follows: An expansion of the mould by an amount € eed 
to a point H on the strain axis, Fig. 3, at a distance e from the 
origin. The stresses required to restrain the thermal lanai 
to an amount e are given by the intercepts HJ,, HK, &¢., on a ne 
through H parallel to the stress axis. These new stresses en e 

“1943—1 
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plotted directly on the stress diagram of Fig. 5. The equilibrium 
conditions can readily be found by successive approximations, using 
a planimeter to measure the area between the curve PQ and the 
axis OR. With a little experience the correct curve can be obtained 
sufficiently accurately at the second or third approximation. 

The true stress-strain curves of ingot-mould iron at different 
temperatures will vary considerably with the type of iron used. 
The curves shown in Fig. 3 are thought to be fairly representative 
of the type of iron normally used in the manufacture of ingot moulds. 
The curves of Fig. 4 and Fig. 5 have been drawn using the dimensions 


Ny 


Axial stress. Tons per sq.m. 


te 
sate 


Fic. 5.—Stress Diagram for the Temperature Distribution shown in Fig. 4. 


and the calculated temperature distribution of the thin mould 
treated in Section 1, one minute after casting. 

The following values have been assigned to Poisson’s ratio and 
the mean coefficient of linear thermal expansion at different 
temperatures : 


0° O. 200° GC. 400° O. 600° O,. 800° CO. 
a : si 1l-L x. 10-§ 12:0 x 10-* 12:5 % 10-& 12-5 x -10=6 


The stresses at other times have been calculated by the same 
graphical method and the development of the axial stress at the 
outer surface is presented in Fig. 6. On the same diagram the 
stresses calculated on the elastic theory of Section 1 have been 
plotted. The value of Young’s modulus in this case has been 
chosen as 1060 tons per sq. in., so that the maximum stresses on the 
two curves are identical. It is interesting to see that the curves are 
of similar shape and that the maximum stresses occur at the same 
time. ‘The value of the maximum stress attained is quite reasonable 
being about half the breaking stress for this type of iron. A reason- 
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ably accurate estimate of the radial stresses may be made using the 
formula : 


ii r 
Oo, == | 1ro,dr. 
r 7 |, Pole 


which is applicable to the elastic condition and is probably not 
greatly in error for the plastic conditim. The maximum radial 
stresses in the moulds considered would be about 0-2 ton per sq. in. 
for the mould with a mould ratio of 0-30, and about 0-7 ton per sq. in. 
for one with a ratio of 1-47. Before we could draw conclusions about 
the numerical values it would be necessary to make careful deter- 
minations of the mechanical properties of ingot-mould iron at 
various temperatures. In particular the true stress-strain curves 


6 


Tons per sg. in. 


~~~E&/astic 


Stress at outer surface. 


Time. Min. 


Fic. 6.—The Thermal Stresses at the Outer Surface of the Ingot Mould 6% cm, 
thick, as calculated on the elastic and plastic theories. For the “ elastic’ 
curve Young’s modulus has been assigned a value giving the same max!- 

- mum stress as that calculated on the plastic theory. 


in tension and compression at temperatures up to 800° C. would be 
essential. 

The effect of the thickness of the mould wall is sufficiently 
important to be considered in some detail. It is known from 
experience that thin moulds are more liable to cracking than thick 
moulds ® and the theory explains why this is so. In Section 1 it 
was shown that the maximum tensile stress in the thin mould under 
elastic conditions would be nearly 20% greater than in the thick 
mould. The difference is partly caused by the different temperature 
distribution in the mould and partly by the very shape of the mould. 
Under imperfectly elastic conditions the difference appears to be 
less marked. Using Russell’s curves for the temperature distribu- 
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tions in moulds of different thicknesses, the stresses at the mould 
surfaces have been calculated by the graphical method described 
above. The maximum tensile stress is only reduced from 4:3 tons 
per sq. in. to 3-9 tons per sq. in., even when the mould ratio is 
increased from 0-30 to 1-46. This difference, however, is likely to 
be accentuated by the creep which will occur in the hot parts of the 
mould and which will continue for a longer period before the 
maximum stress is reached in the thick mould. This emphasises the 
point that high-temperature tests on the ingot-mould iron should 
be taken at different times after the application of the load if 
accurate calculations are to be made. . 


(3) Long Non-Circular Moulds. 


Moulds of the complex shapes usually found in steelworks are 
very difficult to treat mathematically. There is at present no simple 


Fic. 7.—Section of a Symmetrical Ingot Mould. 


means of calculating the exact temperature distribution in such 
moulds. Even if such means were available the stress distribution 
would be difficult to deduce. It is possible, however, to derive a 
fair amount of information about non-circular moulds by extension 
of the theory of circular moulds. The method involves very little 
mathematical work and depends on a few simple principles of 
statics. Although the problem is not solved quantitatively, 
qualitative answers can be given to many of the questions which 
arise. 

The large majority of ingot moulds are of symmetrical section. 
Fig. 7 shows a section of a mould which is taken at a point sufficiently 
far from the ends for it to be considered as part of an infinitely long 
mould the ends of which are under no constraint. Let us investigate 
the forces acting on a section of the mould bounded by two parallel 
planes perpendicular to the axis of the mould, and two other parallel 
planes AB and CD perpendicular to the wall surface and parallel 
to the axis. AB and CD are in equivalent positions and split the 
mould into two identical halves. 

Since we are dealing with an infinitely long mould, when we 
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consider the equilibrium of the section ABCD we may neglect the 
forces acting on the two surfaces perpendicular to the axis, as these 
will be equal and opposite. The forces acting on either of the 
surfaces AB and CD may be resolved into three perpendicular forces 
and three perpendicular couples. From a consideration of the 
symmetry of the figure it can readily be shown that for equilibrium 
all these forces and couples must vanish except the couple in the 
direction of the axis of the mould. This couple we will call G. A 
consideration of the equilibrium of any other section of the mould 
such as ABHF will show that the couple acting on the surface HF 
is equal to G. 

Now, this is a very important conclusion, as it determines the 
deformation and the consequent stress distribution of a long non- 
circular mould. In a circular mould the value of the couple @ is 
determined entirely by the temperature distribution. At any point 
in a non-circular mould the wall will have a certain curvature. In 
a circular mould of that curvature with the same temperature 
distribution there would be a couple, which we will call Gi, acting 
on a vertical section through the mould wall. If the non-circular 
mould were constrained to remain in its original shape without 
distortion this is the couple which would act on a vertical plane 
section at this point. The couple would, of course, be different for 
each part of the mould. We have shown, however, that in the 
absence of constraint this is not a permissible state of equilibrium. 
The mould, therefore, distorts, causing an additional couple G, due 
to the bending of the mould wall at that point, and the distortion 
will be such that G, + G, is the same for all plane sections of the 
mould parallel to the axis. This does not mean that the stress 
distribution will be identically the same on every vertical section, 
but the different stress distributions will produce the same couple 
in each case. Now, it is fairly clear that the two couples G, and Gt, 
will have quite similar stress distributions, and we should not expect 
the hoop stress at the outer surface to vary by more than perhaps 
++ 20% as we traverse the periphery of the mould. This is a very 
useful conclusion, as it means that the hoop stresses in a non- 
circular mould should not differ greatly from those in a circular 
mould of similar mould ratio, and that only relatively small varia- 
tions from this mean value should occur at the corners and faces. 
The calculations of the exact stress distribution at different parts 
of the mould will not be attempted, as it is not thought that the 
results would be very reliable. Such an enquiry is better conducted 
experimentally. 

The foregoing remarks apply, of course, only to the hoop stresses. 
There is no reason for the axial stresses to be equalised round the 
mould and we may expect them to be highest where the temperature 
differences are greatest, that is, in the middle of the mould faces. 
The axial stresses, indeed, will not differ greatly from those calculated 
on the plastic theory developed in Section 2. The temperature 
distribution may be measured and the stresses computed graphically 
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as has been explained. A certain error will arise owing to the 
difference between axial and hoop stresses at the corners and face 
centres, but this should not be more than, say, 15%. 


(4) End Effects. 


The closed end of a mould is not likely to produce very large 
variations of stress, but near an open end there will be a reduction 
of the axial stresses and an increase in the tensile hoop stresses. 
The case of a thin circular cylinder has been studied © and the effect 
of the temperature variation along the axis of the cylinder has also 
been investigated for a steady thermal state.‘ Mathematical 
expressions can be derived for the condition of an open-ended 
circular ingot mould, but the expressions obtained are of such com- 
plexity that the arithmetical work involved in interpreting them is 
quite prohibitive. It is sufficient to say that the maximum tensile 
hoop stress at the free end of the mould is increased by about 25%. 
The effect of the free end extends down the mould to a distance of 
approximately 0-4./B2 — 62. The effect of the variation of tem- 
perature along the length of the mould is to spread this increased 
stress over a greater distance from the open end. For non-circular 
moulds the effects are more complicated. In a slab mould, for 
example, we should expect relatively little distortion at the corners 
and a tendency for the mould to trumpet out at the ends of the flat 
faces, but this is another case in which speculation is much less 
fruitful than experiment. 


(5) The Calculation of Stresses from Measurements of Surface Strain 
and Temperature. 


An investigation of the theoretical stresses in ingot moulds would 
hardly be complete without some indication of how the results can 
be checked experimentally. This is fortunately not difficult even 
when the stresses pass beyond the limits of proportionality. At the 
surface layer of the mould the relation of the stresses and strains is 
reduced to a two-dimensional problem. Taking two perpendicular 
axes X and Y lying on the mould surface we can write : 


e, = a0 + 8 — vt 
x v 
y= te 


where #H, is the ratio of stress to strain at stress o, and « is the mean 
coefficient of thermal expansion over the range of temperature 0 
to 6. From these equations we find that : 


Oz __@z+vey a8 
HE, l—w l—y 
Oy ey + vey ad 
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From an experimental tensile test the value of o corresponding 
to a given strain o/H can be found. Thus the measurement of the 
expansion of the mould surface in two perpendicular directions, 
together with the surface temperature, gives sufficient data to deter- 
mine the stresses at the outer surface. The shearing stress can, of 
course, be obtained directly from the shearing strain. The expan- 
sion of the mould could be measured conveniently with extensometers 
of the Huggenberger type. Since the greatest stresses are at the 
surface of the mould there seems to be very little point in measuring 
the stresses at other points. The full stress distribution could, if 
desired, be calculated from measurements of the temperature and 
of the axial and radial expansions at points within the mould wall. 
These might be measured by boring holes to a certain depth in the 
mould surface, but the presence of the holes would disturb the stress 
distribution to some degree, and it is in any case doubtful whether 
the information derived would be of any practical value. 

In these calculations the residual stresses in the mould have 
been neglected. As the mould cools slowly from a dull red-heat 
after each casting the residual stresses are probably not very large. 
It would, however, be very interesting if it were possible to follow 
the expansion and contraction of a carefully annealed. mould through 
a number of casting cycles. It is just possible that in certain designs 
of ingot moulds the residual stresses might build up cumulatively 
to dangerous proportions. 


(6) Conclusions. 

The purpose of the present paper is to prepare the way for 
experimental work. The theoretical development clearly suggests 
two distinct lines of approach. In the first place the calculation . 
of thermal stresses from measured or computed temperature distribu- 
tions demands a more detailed knowledge of certain physical proper- 
ties of the ingot-mould iron than has so far been available. It will 
perhaps be useful to set out these properties, so that the scope of the 
necessary work can be seen at a glance. We require to know the 
following : 


(1) The true stress-strain curves of the cast iron at tempera- 
tures up to 800° C. The tests should be in tension for tempera- 
tures up to 300° C., in both tension and compression between 
300° and 500°C. and in compression from 500° to 800°C. 
Under plastic deformation at high temperatures it is important 
to know how the strength varies with the rate of loading. 

(2) Poisson’s ratio at the stresses and temperatures laid 
down for the mechanical tests. 

(3) The coefficient of thermal expansion at temperatures up 
to 800° C. 


When these properties are known it will not be difficult to 
calculate the thermal stresses in circular moulds and to estimate the 
stresses in moulds of other shapes. 


88 P LAND : THERMAL STRESSES IN INGOT MOULDS. 


The second approach to the problem is to measure the tempera- 
ture and the expansion, in two perpendicular directions, of the mould 
surface. This is a much more direct attack on the problem and 
should be most useful in checking and interpreting the calculated 
values. The two methods are complementary and together should 
make it possible not only to recommend sound practice in mould 
design, but also to develop and test improved materials for ingot- 
mould construction. 


Part IIl.—The Mathematical Theory of the Stresses in Long 
Circular Moulds of Perfectly Elastic Material. 


The general problem of thermal stresses in concentrically heated 
cylinders was solved many years ago by Duhamel.’ The theory 
has been applied to cylinders in a steady thermal state in the study 
of the design of Diesel engines.” In the same connection the 
effect of cyclic variations of temperature has been studied,7 and 
other applications have been discussed by Lees“ and by Gate- 
wood.” So far as the author is aware the theory has not previously 
been applied to the conditions encountered when steel is cast in a 
cast-iron ingot mould. 

The following notation has been adopted : 


Oy, Oy and o, are the radial, tangential and longitudinal fibre stresses 
(tensions) at a point the cylindrical co-ordinates of which were origin- 
ally (r, ¢, 2). 

Cry &g and e, are unit elongations in the r, ¢ and z directions. 

6 is the temperature at the point (7, ¢, 2) at time #. 

6; is the temperature of the mould-metal interface. 

6, is the casting temperature of the molten metal. 

B is the external radius of the mould. 

b is the internal radius of the mould. 

L is the thickness of the mould. 


The following are the thermal and elastic constants of the mould 
material : 


c is the specific heat. 

x is the thermal conductivity. 

p is the density. 

a* is the thermal diffusivity. 

a is the coefficient of linear thermal expansion. 

E is Young’s modulus. 

v is Poisson’s ratio. 

g is the Newton’s law emissivity constant of the mould surface. 


heeif, 
K 


Hy is the nth root of the equation : 
H=hB= ped y(u) 


J(u) © 
A 2b EnJ y Hs) 
BY (A+ pT (in) 


J, is the Bessel function of the first kind (order zero). 
J, is the Bessel function of the first kind (first order). 


ae 
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The temperature of the surroundings and the initial temperature 
of the mould are taken to be zero. 

Consider a hollow cylinder of perfectly elastic isotropic material 
the elastic constants of which do not vary with temperature. The 
boundary conditions assumed are as follows : 


(1) There is no normal stress on either surface, 2.¢., 6, = 0, 
at r = band atr = B. 

(2) There is no shear force acting on either surface. 

(3) The ends are free from constraint, but sufficiently 
distant not to affect the stress distribution. In these circum- 
stances any plane cross-section will remain plane and de,/dr = 0. 

B 


(4) There are no body forces and hence i ror = 0. 


Under these conditions it is not difficult to show that the radial, 
axial and tangential directions form the principal axes of stress. 


Fig. 8.—Forces operating on an Element. 
The shear forces on the element illustrated in Fig. 8 will then be 
zero and we may write : 
€, = a0 -- hor == Vos voz) 
ep = a8 + p(s — voz — V9;) 
e, = af + a — YO, — v4) 
From the geometry of the system it will be seen that : 
deg Mata 
=e tra - ee re Bee ae (4) 


Resolving the forces acting on the element in the radial direction 


we have: 


of = ope (5) 
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With the boundary condition stated above we find that these 
equations lead to the further relation : 
Oy, Oy SO yes an ee OR 


Using equations (4), (5) and (6), the first three equations can be t 
solved for the stresses, and on integration we find that: © _ 


ee yt B r 
c= ma pep: |, dr — [roar Sm eee) 
Ea lfri+o? 2 Pisin iil 
4 a Be | Oar + [bar a} . (8) 
B 
=: Leo | roar — 0} Oo) 8 aS 


Writing Q(r) = I "rodr these equations become : 
6 


oe ae | Bega OB) — an} ol 50 ae Pee 
as ea { Fe Fe OB) + Q(r) = 0} ata 
= 1, {Br A) — 8} : see 


The shear stresses are : 
(04 — 9;); $(o, — a;,), +(o, — op). 
From (6) these become : 


— 30;, 304, 3(o, — o4)> 


ies a me = FoR Q(B) — a} ‘| Se 
ses {peo . Q(B) + Q(r) — no} ers 
= {eR . Q(B) + 2Q(r) — no} es 


Equations (10) to (15) give us the complete solution to our 
problem for the case of a perfectly elastic mould. It is necessary 
only to evaluate the function Q(r) for the particular temperature 
distribution assumed. 


Temperature Equations. 


The temperature distribution in ingot and mould has been 
calculated by Saité6® and the equations he derived have been 
applied to certain practical cases by Russell.” The work of these 
investigators has been used as the basis of the present stress calcula- 
tions. Whilst the equations are dependent on some rather sweeping 
assumptions, Russell’s work shows that Saité’s equations give 
sufficiently good agreement with experiment to serve as a reasonable 
basis for the calculation of stresses. 
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The temperature equation derived by Saito is : 


n=0 _ bn?art 


=6> Ae Jo( Ha") Lee ey PECTS) 


n=1 


The large amount of arithmetical work involved in calculating 
stresses in thin moulds, particularly for small values of time, makes 
it desirable to find an approximate formula which will be valid for 
- these conditions. The method of approach is as follows: At the 
instant at which the liquid steel comes into contact with the cold 
mould surface, the interface instantaneously attains a temperature 
half-way between the original temperature of the mould and that 
of the liquid steel. If both the steel and the mould were of infinite 
extent and the interface were plane, the temperature would remain 
indefinitely at this value. Fig. 2 shows that the interface tempera- 
ture calculated on Saité’s formula remains within 5% of this value 
throughout the period during which the stresses are greatest. It is 
therefore assumed that the temperature distribution within the 
mould is the same as that in an infinite slab of the same thickness 
as the mould, when one surface of the slab is raised at zero time to a 
temperature 0,/2 and maintained at that temperature indefinitely. 
The other surface of the slab is assumed to lose heat according to 
Newton’s law of cooling, as in Saité’s investigation. The formula 
for the temperature which is applicable to the infinite slab under 
the conditions specified is : 


n= 0 
9p ha sin A, — Anat ; 
Pig ef iy Sesayae aD D5 saan aig) A taal 


where « = (r — 6) and L = B — 5, and 3, is the nth root of the 
equation : : 
tan AL = — Ash. 


The principal advantage of this formula is that only two terms of 
the expansion are required compared with twelve terms when the 
Dini expansion is used. A further benefit is that the interface 
temperature may be chosen to allow for the difference in the thermal 


constants of steel and cast iron. The interface temperature (0;) is 
related to the casting temperature (0)) by the equation : 


a De ae sere ce (15) 


Or P2CoKe 


where the suffixes 1 and 2 refer to the iron and the steel respectively. 
Lightfoot’s 2 work shows that the interface temperature also 
depends on the latent heat of solidification of the steel and hence 
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account can also be taken of this factor. 
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The values calculated by 


equations (16) and (17) are compared in Fig. 9. The agreement is 
seen to be quite sufficiently good for practical purposes while the 


stresses are greatest. 


Stress Calculations. 


Equations (10) to (15) give the stresses in terms of the function 


Q(r), which is the integral i “rode: The expression (equation 16) 
b 


mM. 
3 


8.8 
in 


Tensile stress. Tons per si 


ie] / 


Fie. 9.—Temperature and Stress at the Outer Surface of the Ingot Mould 


(7) 
9 
9 
Surface temperature. * 


20 
Saitd’s formula 2 
Approximate’ formula--- 
/00 
2 3 . 
Time. Min. 


6% cm. thick, calculated by the exact and approximate formule. 


which Sait6 derived for the temperature leads to a function Q(r) 


given by: 


This can be integrated without difficulty and gives : 


n= Ae Brat LP b 
ary = aa FA a 8) — a} 
n= 


When the approximate formula (equation (17) ) is 


(19) 


used the 


temperature is expressed in terms of the distance x from the inner 


mould surface. Thus we write : 


Q(x) = I (b -+ x) Oda: 


_ 49% = hb iad h 
me” [r= +3 we iE) “3 ee 
Lgl — A,2a*t 


4 é 


lok. 
= SOhE aay” + 2) cos A,w — ae —o}]. (20) 
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_ The instantaneous compressive stresses in the axial and tangential 
directions at the inner surface at the moment when the metal is 
poured into the mould are entirely independent of mould conditions. 
They are the stresses required to restrain completely the expansion 
of the inner surface, that is, H«6)/2(1 — v). 
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A RECORDING DILATOMETER FOR 
METAL SPECIMENS.* 


By L. R. STANTON, M.Sc. (UNtveRsity or MANCHESTER). 


Paper No. 7/1942 of the Alloy Steels Research Committee (submitted by 
Professor F'. C. Thompson). 


SUMMARY. 


A dilatometer is described which produces a permanent record 
of the length changes of a metal specimen, with accuracy of 0-001 mm. 
The range over which measurement can be made extends to about 
0-2 mm., the sensitivity being adjusted to suit any particular 
requirement. The measuring principle involves the tuning of an 
inductance about its resonant point by means of a small condenser 
actuated by the dilatometer, and particular care is taken to ensure 
stability of the apparatus over long periods. 


For the purposes of an investigation on the austempering of steels, 
a recording dilatometer which would measure and record changes 
in length of the order of 0-001 mm. was required. It was further 
desired that the apparatus should be suitable for runs of long dura- 
tion, possibly a week, as well as short runs of an hour or two, and 
the range of changes of length covered should be fairly great, viZ., 
about 0:2 mm. Broadly, two methods seemed possible: (1) 
Optical, and (2) electrical. 

The former presented considerable difficulties, and attention was, 
therefore, directed to the second of these methods. After examin- 
ing the work of Dowling,” Lloyd,” Prytherch,® and Brooke-Smith 
and Colls,” it was decided to carry out work of an experimental 
nature along these lines, from which the apparatus now to be de- 
scribed was evolved. 

The essential principle of the method, which was suggested by 
Professor F. C. Thompson, consists of the employment of a small 
double-plate condenser to tune an inductance at, or about, its 
resonant frequency, thus giving a steep rise or fall of the induced 
current for very small changes in capacity. The chief drawback to 
this system in the past appears to have been the tendency of the 


zero to drift. 
CoNSTRUCTION OF THE DILATOMETER. 


- The dilatometer (Fig. 1) consists of a brass table mounted on 
three Invar legs with levelling screws, on the top of which is mounted 
* Received August 26, 1942. This paper is published by authority of the 


Alloy Steels Research Committee. The views expressed in it are the author’s, 
and are not necessarily endorsed by the Committee as a body. 
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a micrometer screw B, making four turns to the millimetre; the 
circumference of the screw is divided into twenty-five parts, so that 
a rotation of 1 cm. of the periphery causes a vertical displacement 
of the spindle of 0:01 mm. The spring 4, in compression, holds the 
screw B against its bearing, whether the spindle is being raised or 
lowered. To the bottom of the micrometer spindle, which projects 
through a hole in the table, is fixed a short quartz rod, on the lower 
end of which is a ball-and-socket C which carries the upper plate of 
the condenser D, used for making the measurements. The lower 
plate of this condenser is fixed to a quartz tube F, the lower end 
resting on the cylindrical metal specimen Z, and is located centrally 
by a pin, which fits loosely into the bore of the quartz tube. When 


Fie. 1.—The Dilatometer. 


the two plates of the condenser are brought into close contact, the 
ball joint automatically renders them parallel. 

The lower condenser plate is centralised by means of the three 
tension wires H, held by adjustable screws through the legs of the 
table, leading to a brass collar clamped around the tube F. These 
wires also exert a slight downward pressure, as the collar is a little 
higher than the adjusting screws, which serves to maintain a steady 
contact between the quartz tube and the specimen. It will thus be 
seen that any alteration in the length of the specimen alters the 
distance apart of the plates of the condenser D. 

The cylindrical specimen (which is to be subjected to heat treat- 
ment) has a spherical lower end which stands in the round-bottomed 
silica tube K, fitting it sufficiently closely to be free from wobble. 
The upper end of this silica tube ends in a flange H, the under surface 
of which is ground flat, and is firmly held against the surface M 
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(which is the upper side of a water-cooled tank) by the collar G. It 
will be seen then that the specimen is held between contacts which 
are of very low thermal expansibility, and are approximately self- 
compensating by reacting in opposite directions. 

The electrical circuit * is shown in Fig 2. Short, thin leads from 
the two condenser plates connect through rigid, well-spaced and 
firmly supported conductors, to the two ends of the resonant 
inductance L,. A pentode screened-grid valve V, is used as an 
oscillator, the frequency being controlled by a quartz oscillator A 
of frequency about 1000 kilo-cycles per sec., and having a tempera- 
ture stability of 20 parts in a million per degree centigrade. The 
circuit used is such as to provide considerable stability as regards 


Fria. 2.—The Electrical Circuit. 


the amplitude of the oscillations generated, as well as the frequency, 
and the high-tension supply is regulated by a neon stabiliser B. The 
cathode of the pentode is indirectly heated, and its temperature has 
been found to be practically unaffected by small momentary voltage 
fluctuations. 

The output of the oscillator is taken from a small number of 
turns made in the anode lead, to which the inductance L, is very 
loosely coupled, and the position of the two coils is so arranged as to 
prevent any alteration in the degree of coupling. 

The inductance L, is tuned very nearly to its resonant frequency 
by the adjusting condenser (5, in parallel with the measuring os 
denser C,. The output of this coil affords the current which ulti- 
mately acts as a measure of the movement of the measuring con 
denser. It is imperative that as little load as possible should be put 


* Details of the electrical apparatus are given in an Appendix. 
1943—i 
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on this output. Such output is, therefore, taken from a tapping 
from the inductance L,, of only a few turns, and this is applied to 
the anode of a rectifying valve V, arranged to work as a Moullin® 
valve voltmeter, with slight modifications mentioned below. 

After passing a filter circuit consisting of a choke and condenser, 
the rectified current: flows through a potentiometer, and is then 
applied to a potentiometer-type Kent recorder at X. 

The Moullin voltmeter has the advantage of requiring no sepa- 
rate high-tension supply for operation; it was found, however, to be 
unsatisfactory for use with the Kent recorder, as the potential of the 
output was not high enough. Accordingly the circuit was modified 
by the introduction of a 3-0-V. positive potential applied to the anode, 
and supplied by two large-capacity dry cells. 


OPERATION OF THE DILATOMETER. 


The specimen being in position, and the condenser plates ad- 
justed so as to be strictly parallel, they are set about 1-0 mm. apart. 
The adjusting condenser C, is set so that any further increase in 
capacity results in a fall in the current output. This means that 
when the specimen expands, and the measuring condenser plates 
approach each other, the reading of the galvanometer falls. The 
reason for this is to get as great a degree of linearity of the galvano- 
meter-reading/distance curve as possible, since the sensitivity of 
the measuring condenser falls as the plates move apart, while the 
change of current flowing in the resonant inductance increases as 
the resonant frequency is approached. Adjustment of the poten- 
tiometer across the output of the valve voltmeter permits the zero 
position to be adjusted, within limits, on the galvanometer chart. 

The desired degree of sensitivity of the apparatus is finally 
adjusted by altering the mean position of the measuring condenser, 
and bringing the galvanometer pen back to a high reading by means 
of the adjusting condenser. 

Different degrees of sensitivity of the apparatus can be obtained _ 
by the use of condenser plates of different size, as well as by altering 
their mean distance apart. ! 


CALIBRATION. 


When a satisfactory mean distance apart of the plates of C, 
has been found, the galvanometer pen is brought to its maximum 
reading by raising the micrometer screw. d 

The micrometer is then screwed down in equal, suitable known 
steps, the galvanometer reading being recorded at each of these 
points. From this the calibration curve may be constructed. 
Repeated calibrations have been made, which agree to within 
0-0001 mm., with a sensitivity of the apparatus of 0-01 mm. displace- 
ment equal to 0-5 in. on the galvanometer scale, a magnification of 
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about 1300. Over a range of 0-06 mm., with the above sensitivit 
straight-line calibrations have been o tai sede 
the curve tends to bend at each end. arte atlases Be 
Stability of the instrument has been obtained by the quartz- 
crystal control of the frequency, by using single-layer inductances 
_ wound with high-gauge wire, by control of the high-tension supply 
to the oscillator, and by rigid wide-spacing of the leads. Control is 
maintained by a milliammeter in the output circuit of the oscillator 
and in the anode circuit of the valve voltmeter. 
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Fria. 3.—Tracing of a Specimen Record. 


The chart used in the present instance is 10 in. wide. As an 
example of the higher magnification possible, using condenser plates 
4-0 em. in dia. in their most sensitive position, i.e., about 0-001 in. 
apart, a deflection of 6-0 in. can be obtained when the condenser 
opens 0:015 mm.; this permits of readings being made with ease to 
within 0-0001 mm., giving a magnification of about 10,000. 

Over a period of 12 hr., from 11.0 p.m. to 11.0 a.m., the drift 
amounted to only such a quantity as would represent a movement of 
the condenser plates of 0-01 mm., notwithstanding an atmospheric 
temperature variation of 12° C. No attempt at temperature control 
of the oscillator and connections has been made, except that the 
entire oscillator circuit, excluding the anode coil, is contained in a 
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copper-lined box, primarily intended for purposes of electrical 
shielding. The inductance L, is separately screened. ; 

Dilatometers using capacity changes as the controlling device 
often employ a cathode-ray oscilloscope as the indicator in a null 
circuit. The recording galvanometer has important advantages, 
which at least compensate for a possibly slightly lower degree of 
sensitivity. While the cathode-ray tube fulfills more completely the 
requirement that no load shall be put on the resonant circuit, it is 
practically impossible to take readings sufficiently often and accu- 
rately to show a true picture of what is happening during the critical 
changes of the steel; over long periods there are obvious difficulties. 
The present method gives readings every two seconds, and, of course, 
provides a permanent record. 

Such a record is shown in Fig. 3. It refers to the heating of a 
Z.in. long steel specimen to 810° C., the contraction due to the 
« > y transformation being very clearly shown. This was followed 
by the curve for a fairly rapid cooling, in which the Ar, point is well 
revealed. Alongside are shown the steps of the calibration in 0-01 
mm. 
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APPENDIX.—Constructional Details of the Electrical Apparatus. 


The two coils L, and L, consist of 4-in. dia. paxolin formers, 
wound with 18-gauge double-cotton-covered copper wire, shellacked 
and baked to dry. Both contain an identical number of turns, viz., 
65, and the number of turns tapped off to the valve voltmeter is 25. 

The oscillator is contained in a wooden box with a lid, both lined 
with stiff copper sheet, and the variable condenser tuning the 
sone can be manipulated by a rod projecting through a hole in 

e lid. 

_ Both variable condensers are of good commercial quality, fitted 
with slow-motion dials. The coil in the anode circuit of the oscillator, 
which excites Z,, is wound on a short length of 44-in, dia. former, 
and is screwed firmly to the side of the box, outside it. L, is held 
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rigidly against this, both axes being in line, the windings of the two 
coils being 1 in. apart. There are 24 turns on the anode coil, this 
pubs being found by trial and error to give the desired excitement 
to Lg. 

The quartz crystal is between two flat aluminium discs, resting 
on the lower one, and separated from the upper one by means of 
silica rods, leaving a gap of about 0-007 in. between the upper surface 
of the crystal and the upper plate. 

The high-tension supply to the oscillator is provided by a com- 
mercial “ éliminator,’’ employing copper-oxide rectification, and 
giving about 30 m.amp. at 150 V. This is reduced and controlled 
at 120 V. by the neon tube. 

The potential divider consists of a number of small radio resist- 
ances connected together, totalling 1-5 megohms. 

The remainder of the resistances, variable and fixed, and the 
fixed condensers are the usual type of radio component. 

The valve V, is a Cossor M.S. Pen.B., and V, is any ordinary 
2-V. detector valve. 
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THE INFLUENCE OF TEMPERATURE ON 
THE MODULUS OF ELASTICITY OF SOME 
PLAIN CARBON AND ALLOY STEELS.* 


By G. C. SEAGER, Px.D., anp F. C. THOMPSON, D.MeEr. 
(THE UNIVERSITY OF MANCHESTER). 


Paper No. 9/1943 of the Alloy Steels Research Committee. 


SUMMARY. 


The variation of Young’s modulus with temperature has been 
measured for a series of steels, both plain carbon and alloyed, using 
an interferometer of high sensitivity. It is shown that the curves 
are not smooth but have abnormalities which just exceed the 
experimental error. 


AtrHoucH a very large amount of work has been done on the change 
of the modulus of elasticity of steels as the temperature is raised, 
from which some suggestion has been obtained that the curves 
are not smooth, the sensitivity of the methods employed has not 
been sufficiently great nor have the temperature intervals been 
sufficiently small to enable one to say with certainty whether the 
abnormalities found in other mechanical properties exist also in 
respect of this. 

Tt was decided, therefore, to carry out measurements on a 
series of steels, both plain carbon and alloyed, using apparatus of 
the highest available sensitivity, determinations of the modulus 
being made every 2-3° C. 

APPARATUS. 

An apparatus for the accurate determination of this value, both 

at room and at elevated temperatures, has been described by 


Jo Interferometer 
ss i 


Ww 
WwW a 
B 2 


Fia. 1.—Diagrammatic Representation of Cuthbertson’s Apparatus for 
Measuring the Modulus of Elasticity. 
J. W. Cuthbertson.” The test-piece, in the form of a flat strip, 
is supported on two knife-edges, L cm. apart, as indicated in Fig. 1, 


* Received September 5, 1942. This paper is published by authority of 
the Alloy Steels Research Committee. ‘The views expressed in it are the 
authors’, and are not necessarily endorsed by the Committee as a body. 
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loads of 4W being applied at a distance / from each knife-edge. 
The deflection 8 at the centre of the bar is measured with an inter- 
ferometer, the modulus of elasticity of the metal being given by 


the formula : 
WIL? 


E = Tesr’ 


where J is the moment of inertia of the cross-section of the bar, 
4.e., bd3/12. : ; 

Results obtained with this apparatus for the elastic properties 
of some anti-friction alloys were given in a later paper by the 
same author, but it soon became clear that for use with steels 
an appreciable increase in the sensitivity would be necessary. 
This could only be obtained by increasing 8 or by improving the 
accuracy with which it could be measured. Since the measure- 
ments were already being made to a fraction of a wave-length, it 
was decided to increase the length and decrease the thickness of 
the specimen. A new pair of knife-edges was constructed, 3-75 in. 
apart, 1 being maintained as before at 0-75 in., the total length of 
the test-piece being increased from 3 to 5-25 in. In this way, the 
deflection for a given stress was increased 6-25 times. By reducing 
the thickness of the strip from 0-12 in. to 0-0625 in., the value of 3 
was approximately doubled again. 

These modifications meant that it would be necessary to count 
some 2000 fringes for each determination, and it was primarily in 
order to avoid this that the method of using the apparatus to be 
described was devised. 

If a wedge-shaped film of air is enclosed between two plane 
glass plates, the linear interference fringes formed will be parallel 
to the line of intersection; and, whereas if one plate be tilted 
about an axis parallel to this line the fringes will appear to move 
together in a direction at right angles to their length, if the plate 
be tilted about an axis which is not parallel to this line, the whole 
fringe system will appear to rotate with the line of intersection. 
of the two planes. 

In particular, if the axis about which the plate is tilted is per- 
pendicular to the original line of intersection of the two planes, 
and lies in the plane of the tilting plate, the rotation of the fringes 
is given by: 

tan a = cod 

sin 6 
where « is the angle through which the fringes rotate, 6 is the 
original wedge angle, and ¢ is the angle through which one of the 
mirrors is tilted about an axis making an angle 0 with the surface 
of the other mirror, and perpendicular to the original fringes. In 
practice, if 0 is of the order of 6’, tilting the moving mirror through 

1’ rotates the fringe system through about 10°. 

In the interferometer the lower mirror rested upon three pins, 
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two of which were rigidly supported, while the third was carried 
on the end of a 10-8S.W.G. Invar rod, the lower end of which rested 
on the centre of the test-piece. If the mirrors were set to give 
fringes perpendicular to the line joining the two fixed pins (in 
which position the fringes appeared horizontal in the microscope), 
observing whether the fringes remained parallel to a fixed cross- 
wire in the microscope eye-piece gave a very sensitive method of 
detecting small changes in the tilt of the lower mirror, and, there- 
fore, of detecting the bending of the test-piece. 

Once the lower mirror has tilted through an angle of about 5’ 
(corresponding to a rotation of the fringes through 42°) da/d¢ 
rapidly decreases. If, now, the upper mirror is also tilted through 
the same angle, the fringes will again become horizontal. The 
apparatus is, therefore, arranged so that the upper mirror can be 
tilted through a small but constant angle, say, 1°. The load on 
the test-piece is then increased until the fringes appear horizontal 
(the cross-wire in the eye-piece of the microscope enables this point 
to be determined with considerable accuracy). This gives the 
value of W for a definite, constant value of 3, and determinations 
of W made in this way for the same value of 8 will clearly be pro- 
portional to the elastic modulus. 

The modified apparatus is illustrated diagrammatically in Fig. 2. 
M, and M, are the interferometer mirrors (M, being the upper— 


Sa 
M, R 
Zi Mp S 
Zz r 


Position A 
Fia, 2.—Diagrammatic Representation of the Modified Apparatus for 
Measuring the Modulus of Elasticity. : 


Position B 


half-silvered—mirror, and M, the lower), and J is the Invar rod 
resting on the centre of the test-piece. R is an aluminium rod, 
about 1} in. long, carried at one end of the frame carrying the 
mirror M, but free to move longitudinally by means of a fine screw 
adjustment. #& normally rests against the fixed stop S,, but M, 
can be tilted so as to bring the upper end of FR against the stop S5, 
the position of which can be adjusted vertically by means of a 
i-mm. pitch screw. In this way the actual position of M, when 
R is resting against eithef stop can be adjusted by moving R with- 
out affecting the angle through which it can be tilted, which is 


controlled by the position of So. 


x 
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A suitable position for S, is found by trial, and is then kept 
constant throughout the range of tests which it is desired to carry 
out with any particular specimen. ' 

With R resting on S, the mirrors are adjusted to give horizontal 
fringes, parallel to the cross-wire in the observing microscope. 
Mirror IM, is then tilted until R comes in contact with S,. The 
load—partly in the form of brass weights and partly of water in 
a beaker—is then applied to the ends of the test-piece, the bendin 
of which causes MV, to tilt, and by increasing the load—by runnin 
water into the beaker from a burette—until the fringes are again 
horizontal, W (in the formula given above) can be adjusted to 
give the set value of 8 to within one part in 2000. 


To Interferometer 


7\ Test- Piece 


O// - Bath 


Aluminium Frame 


Weights 
Fie. 3.—Framework for carrying the Load. 


At each temperature at which such a determination is made 
it is necessary, owing to the expansion of various parts of the 
apparatus as the oil-bath heats up, first to adjust the position of 
R to give horizontal fringes with no load on the test-piece. 

In place of the original lever arrangement for applying the load 
to the ends of the test-piece, an aluminium frame was made for 
this work which passed completely round the outside of the oil- 
bath; the weights were hung from the bottom cross-piece of this 
while pointed rods fixed to the top cross-beam rested in the centre. 
punch marks at the ends of the test-piece, as shown in Fig. 3. 

Partly in order to secure smoother operation and partly to 
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reduce the time required to take a readin i 

: € g, an automatic arrange- 
ment for applying and removing the load was fitted. This is 
illustrated in the “load off” and “load on”’ positions in Fig. 4 
(a) and (6). The weight of the load is normally taken by a hori- 


Aluminium —— | 


Frame of 


Vacuum 
Cylinder. 


(a ) Weight off (b) Weight on. 
Fic. 4.-Automatic Arrangement for Applying and Removing the Load. 


zontal brass beam, pivoted at one end and supported at the other 
end by springs. This can be pulled down against the action of 
the springs by means of a piston and cylinder—the piston being 
sucked into the cylinder by connecting the latter to a simple filter 
pump and vacuum reservoir—leaving the load hanging from rubber 
rings carried by the aluminium frame described above. A similar 
arrangement was fitted to move the mirror M, from the horizontal 
to the tilted position, both being controlled by the same two-way 
tap. In this way it was possible to determine the required value 
- of W in 30-40 sec. and to take readings every 3° C. as the oil-bath 
and test-piece cooled from 250° C. 
f Other, minor, alterations made to the apparatus included the 
fitting of a delicately pivoted, weighted lever, in place of springs, 
to counterbalance the weight of the Invar rod resting on the centre 
of the test-piece, the fitting of a jewel bearing cup to the upper 
end of this rod, into which the pin of the lower mirror table was 
lightly pressed by means of a small spring, and the fitting of a 
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spring clip to its lower end to hold the pointed rod firmly against 
the test-piece. These modifications were made necessary by the 
increase in the deflection of the test-piece and in the corresponding 
movement of the Invar rod and lower mirror, which resulted in 
the movements of the test-piece not being accurately followed by 
the interferometer. With the shorter and thicker test-pieces of the 
tin alloys for which the apparatus was originally designed such 
difficulty was not experienced, and the simpler arrangement of 
these parts was then perfectly satisfactory. 

It should be stressed that the accuracy of one part in 2000 
claimed applies only to the relative values of the moduli of elas- 
ticity at the various temperatures, and not to their actual values 
in any particular units. One of these temperatures may, of course, 
be room temperature, at which the value of the modulus may be 
known or may be determined separately, from which value that at 
any of the other temperatures may easily be calculated. 


CONSIDERATION OF POSSIBLE ERRORS. 


The error introduced in the determinations at elevated tem- 
peratures due to the changes in the dimensions of the heated test- 
piece was considered by Cuthbertson in his work on anti-friction 
alloys, but no correction was then applied. With the present steel 
test-pieces, if it is assumed that the expansion of the steel block 
carrying the knife-edges is the same as that of the test-piece, the 
correction for thermal expansion is given by : 


E = E’(1 — at), 


where H is the true modulus of elasticity at temperature ¢° C. and 
E’ is the apparent modulus calculated from : 


WIL 
rhaibe eS i 


the measurements of the test-piece being made at room tempera- 
ture (or more strictly at t= 0° C.). If the coefficient of expansion 
of steel is taken as 11 x 10-® this correction amounts to about 
0-27% for a temperature rise of 250° C. This error has not been 
taken into consideration in this work. If, however, the value of 
the modulus at some elevated temperature is required in terms of 
the dimensions of the test-piece at that temperature it is only necessary 
to multiply the value obtained from Table IIT. by (1 — at). 

Since the measured value of the modulus of elasticity is depen- 
dent upon the coefficient of thermal expansion of the material, it 
is, of course, possible that the discontinuities noted in the modulus/ 
temperature curve might be due to discontinuities in the thermal- 
expansion/temperature relationship. Calculation shows, however, 
that to account for the irregularity noted at 120° C. in steel No. 1— 
one of the smallest of the irregularities greater than the possible 
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experimental error—a change of over 100% in the coefficient of 
expansion would be necessary. It would, therefore, appear im- 
probable that this is the true explanation. 

A further way in which thermal expansion may influence the 
result lies in the difference between adiabatic and isothermal 
elasticity. The relationship between the two is given by : * 


where E,; = modulus of isothermal elasticity, 


E¢ = modulus of adiabatic elasticity, 
a = coefficient of thermal expansion, 
p = density, 

Cr = specific heat (at constant temperature), 
t = temperature (absolute). 

If we put: 

E, = 30 x 10° lb. per sq. in. = 2-1 x 101? dynes per sq. cm., 

a= 11 x 10°, 


= 7-8 g. per c.c., 
Cr = 0-107 cal. per g. = 0-107 x 4:18 x 10? ergs per g. per Gs 
b——298" Ke. (205); 
we then have : 

E, 
i 
t.e., Hg is about 2 parts in 1000 greater than £;, rising to about 
3 parts in 1000 at 200° C. The difference between the two elas- 
ticities is, therefore, of the same order as the discontinuities shown 
in the curves in Fig. 6. It might be suggested, therefore, that 
they were due to differences in the time taken for the determina- 
tions to be made at each temperature, resulting in isothermal con- 
ditions being more nearly established in some cases than in others, 

with a consequent variation in the measured modulus. 

When the modulus of elasticity is determined by measuring 
the effect on the length of a test-piece of a simple direct tensile 
or compressive stress, some time may be required for the estab- 
lishment of isothermal conditions, since it is necessary for the test- 
piece to come into thermal equilibrium with the surrounding air. 
When a bend test is used, however, one surface of the test-piece is 
extended and, therefore, cooled, while the other is compressed and 
heated. The heat flow across the relatively small thickness of the 
test-piece quickly restores a condition of thermal equilibrium. It 
would, therefore, be expected that isothermal conditions would be 
established comparatively rapidly in this case, and this has been 
confirmed by experiment. Immediately after the load has been 
applied there is a very slight gradual increase in the deflection of 
the centre of the test-piece lasting for 14-2 sec. It is,-however, 
very slight compared with that theoretically to be expected, and 
probably represents the very end of the change from adiabatic to 
* See, for example, Searle. 


= 1 — 0-002 


f 
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isothermal conditions, the greater part of the change having already 
occurred during the time required to apply the load smoothly. A 
considerably greater time than this normally elapses before the 
completion of the reading, and it may, therefore, be assumed that 
isothermal conditions have been fully established. 

The possibility of errors being introduced into the readings by 
the heating of the interferometer by hot air from the oil-bath has 
also been considered. If the oil-bath is heated rapidly to, say, 
230° C. and the modulus of elasticity measured immediately, the 
result obtained does not change if the bath is kept at that tem- 
perature for, say, 1-2 hr., although the interferometer may warm 
up appreciably during that time. Further, if the oil-bath is heated 
from room temperature to, say, 140° C. and the modulus measured, 
the result is the same as that obtained if the oil-bath were held 
for some time at 250° C. and then cooled down to 140° C., although 
in the latter case the interferometer may be appreciably warmer. 
It may, therefore, be assumed that such an effect, if present, may 
be neglected. 

One other factor remains to be considered, namely, the effect 
of the anticlastic curvature (the deformation of the cross-section 
of the beam). In the case of thin steel beams the effect of this 
on the deflection may amount to as much as 10%, the curvature 
(1/9) produced by a bending moment M being given by : 


2 
M = EI ‘ a where > = Poisson’s ratio, 


instead of the more usual equation : 


i pes 
p 
applicable to thick beams. The terms “ thin ”’ and “ thick,’’ how- 
ever, being purely relative, it is important to determine the magni- 
tude of the effect in the present instance. 

Timoshenko ® has given a method of calculating the correction 
to be applied in cases intermediate between the two given above, 
from which it appears that the correction in the present instance 
amounts to less than one part in 10,000, and has, therefore, been 
neglected. 


RESULTS. 


Many earlier workers” have noted discontinuities in the elastic 
properties of steel at comparatively low temperatures. Cheve- 
nard, in 1922, obtained a relative modulus curve showing an 
inflection at about 210° C., and Lea a discontinuity at 220- 
230° C. in the torsional-rigidity /temperature curve for a mild steel. 
In the following year Goffey and Thompson ‘” showed the exist- 
ence of a number of discontinuities in the torsional-elastic-limit/ 
temperature curves for iron and plain carbon steels, confirmed more 
recently by Marshall and Thompson. The greater part of the 
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work on the variation of Young’s modulus with temperature has, 
however, been carried out at temperature intervals too great for 
it to be possible to say whether such discontinuities are present in - 
this case also. 

Three plain carbon steels and four alloy steels were selected for 
test, their analyses being given in Table I. A specimen cut from 
Armco iron strip cold-rolled and annealed was also tested. 


TasBLe I.—Analyses of Steels Used. 


Steel No. : als 2. 3 4, 4(a). 5. 6. 
0-18 0-45 0-77 0-12 0-12 0+27 0-20 
0-065 6-141 0-136 0-7 0-7 0-27 0-16 
0:8 0-68 0-62 0-3 0-3 0-22 0-51 
0-08 0-141 0-138 a oe 0-011 0-010 
0-025 0-035 0-032 ay Asc 0-015 0-012 
5 oss 8-0 8-0 0-029 3°10 
18-0 18-0 13-22 Trace 
Treatment . a Hot- An- An- Softened | Steel 4 An- An- 
rolled nealed nealed cold- nealed nealed 
rolled 
(Brinell 
hardness 
= 375) 
26 
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Fig. 5.—Modulus of Elasticity Curve for Armco Iron. 


inati h speci- 
Three or more sets of determinations were made on eae 
men, the results plotted and the three curves averaged; a mean 
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curve was then plotted. Although all the steels except one were 
in the soft condition, it was found necessary after preparing the 
test-piece to hold it for some hours at 200-250° C. Even then the 
results obtained on the first—and sometimes also on the second— 
cooling had to be discarded, the next three or more—which, in 
general, showed good agreement—being treated as mentioned 
above. The reproduction of such curves, which had necessarily 
to be plotted to a large scale, is difficult, the actual points obtained 
being too closely spaced to show in Figs. 5 to 12. 

The first discontinuity in the curve for Armco iron, Fig. 5, 
consists of a “step” in the curve at 110° C., and a second step 
occurs between 160° and 170° C. There is also a slight “ dip” in 
the curve in the region of 240° C. 
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_ Fia. 6.—Modulus of Elasticity Curve for Steel 1. 


Steel No. 1 (0-18% carbon), Fig. 6, shows a marked irregularity 
between 110° and 120° C., after which, with the exception of 
a slight dip at 180° C. the existence of which is doubtful, there 
pe of note until a distinct step is reached a little above 

_ The first irregularity in the curve for steel No. 2 (0-45°% carbon) 
Fig. 7, occurs at a rather lower temperature, being between 100° 
and 110° C.; a second, very slight, dip is found between 130° and 
140° C., and again a marked step rather above 220° C. 

In the case of steel No. 3 (0-77% carbon), Fig. 8, there is a 


peak just above 120° C., a second, less distinct, at 135° C., and a 
marked change of slope at about 230° C 
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Fie. 7.—Modulus of Elasticity Curve for Steel 2. 
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Fig. 8.—Modulus of Elasticity Curve for Steel 3. 


There is a pronounced dip in the curve, Fig. 9, for steel No. 4 
(softened 18/8 stainless steel) between 100° and 110° C., @ change 
of slope at 160° C., and a further slight dip at 220°C. The ae 
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Fra. 10.—Modulus of Elasticity Curve for Steel 4(a). 


steel in the cold-rolled state (No. 4 (a)), Fig. 10, shows no discon- 
tinuities with the exception of a s 


light peak at 165-170° CG. and a 
definite step between 205° and 210° Q. 
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Fia. 12.—Modulus of Elasticity Curve for Steel 6. 
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Steel No. 5, Fig. 11, a 13% chromium stainless steel, shows a 
number of very marked irregularities. A step at 100° C. is followed 
by a dip leading to a second step at 115° C.; a further dip occurs 
at 155° C., after which the curve is smooth within the limits of 
experimental error. 

The 3% nickel steel, Fig. 12, gives a very smooth curve with 
the exception of two dips, the first at 110° C., the second at 215° C. 

The terms “ dip ” and “ step ”’ have been used repeatedly above 
and may require further explanation. By a “dip” is meant a 
discontinuity in which the portions of the curve on either side 
are colinear, by a “‘ step” a discontinuity in which the two curves 
are parallel but not colinear. In the case of a dip, if no deter- 
minations had been made at the exact temperature at which it 
occurs, it would have escaped detection. In the case of a step, 
however, smooth curves drawn through the points on either side 
would not meet. Typical examples of a step and of a change of 
slope are shown on a much enlarged scale in Fig. 13. For con- 


(a) Typical “step” change tie (6) Change of slope 
Fra. 18.—Typical Examples of a “Step ”’ and a Change of Slope on an 
enlarged scale. 

venience the temperatures of the discontinuities noted with the 
various steels are collected in Table II., together with their magni- 
tudes—the deviations from the smooth curves being expressed as 
a percentage of the value of the elastic modulus at that temperature. 

The magnitudes of these discontinuities are very small compared 
with those obtained by other workers on other elastic properties; 
nevertheless they are—with the possible exception of the 180° C. 
point in steel No. 1—too great to be accounted for by experimental 
error, the deviation from the smooth curve being in some cases as 
much as five times as great as could be accounted for in this way. 
Furthermore, they are not dependent upon the evidence of one 
particular determination or even of a series of determinations made 
at one particular temperature, the points on each side, as Fig. 13 
clearly shows, definitely “leading up ” to the discontinuity recorded 
. In general, the points appear to be grouped around three tem- 
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TasLe I1.—Temperatures and Magnitude of Discontinuities in 
Modulus of Elasticity Curves. 


Steel No. Temp. °O. oe Temp. ° 0, Deviation. Temp. ° 0. ee 
Armco iron 110 0-10 160-17 0-13 240 0-19 
1 110-120 0:08 480° 0-05 220 0:13 
2 100-110 0-09 130-140 0:07 220 0:17 
3 120 0-14 130-140 0:07 230 ease 
4 105 0-16 160 Sci 220 0-14 
4(a) ate 55 165-170 0-10 205-210 0:27 
5 95-100 0-23 155 0-13 ee nec 
115 0-17 
6 110 0-09 500 wis 215 0:07 
ZI 


* Slope of curve decreases by 60%. 
+ Slope of curve increases by 40%. 


perature regions, the first about 110-120° C., the second 160-170° C. 
and the third in the region around 220-230° C. It would appear 
significant that the change points found by Goffey and Thomp- 
son,” from measurements of the torsional elastic limit, were given 
as 120°, 170° and 230° GC. (considering only those points lying 
between 90° and 250° C.). Chevenard ® gave 210° C. as a point 
of inflection in the elastic-modulus/temperature curve, and associated 
this with the magnetic transformation of cementite. As will be 
seen from Table II., however, this point is present even in the case 
of Armco iron and the austenitic 18/8 stainless steel. 

The effect of cold-rolling in suppressing the lowest of the three 
points in the case of steel No. 4 is in accord with the results of 
Marshall and Thompson,® who found that cold-working had a 
tendency to smooth out the discontinuities in the torsional-elastic- 
limit /temperature curve. 


The Thermo-elastic Coefficient. 

Although the above measurements are purely relative, it is 
possible to calculate an accurate value for the thermo-elastic 
coefficient from the curves obtained. 

For the purpose of this paper, the thermo-elastic coefficient 
may be defined as the coefficient « in the equation : 

E, = E,(1 + at) 

where H, = modulus of elasticity at 0° C., 

and  £, = modulus of elasticity at ¢° C. 

This assumes the graph connecting H, with ¢ to be linear. In 
most of the, curves obtained, however, the rate of fall of the modulus 
of elasticity with increase of temperature increased slightly as the 
temperature rose, but the error introduced by neglecting this and 
taking a mean linear relationship between 0° and 250° C. is small, 
and is given, together with the values of « for the various steels, 
in Table ITI. 
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TapLe I1].—Thermo-elastic Coefficient « and Maximum Error in Ky. 


Max. Error in £;, assuming 


, Thermo-elastic 5 = F 
Steel No. Coefficient, a. Linear Relationship between 


Armco iron —3-86 x 10-4 
L —3°27 10-4 
y) —3-495 x 10-4 
3 —3-27 x 10-4 
4 —4:25 x 10+ 
4(a) —4-85 x 10-4 
5 —3:10 x ,10-* 
6 —3:105 < 10 


A recent publication by Fahlenbrach and Meyer gives the 
value — 2-2 x 10“ for the thermo-elastic coefficient for “iron” 
between — 180° and + 20° C. From data given for the varia- 
tion of the modulus of elasticity above room temperature, it would 
appear that the coefficient would be of the order of — 3 x 10+ 
between 20° and 300° C. In this case, however, the error involved 
in assuming a linear relationship between elasticity and tempera- 
ture is much greater—about 2%. Jacquerod and Miigeli® give 
— 3-11 to — 3-13 x 10“ as the value for iron and — 3-08 to 
— 3-22 x 10+ for steel over the range 0° to 80° C. 


The Modulus of Elasticity at Room Temperature. 


-It has been stressed that the comparatively high degree of 
accuracy claimed for these results applies only to the comparative 
values of the modulus. Very careful determinations of the modulus 
were made at room temperature for each of the steels, using the 
apparatus as originally designed by Cuthbertson, the results being 
given in Table IV. The figure for Armco iron may appear abnor- 
mally low, but similarly low values for this material have been 
obtained by other methods of testing. 


TaBLE IV.—Modulus of Elasticity at Room Temperature of the Steels 
Used. 


Modulus of Elas- 


Steel No. ticity. Lb. per Temp. ee Precoaa kif 
sq. in, 2 
Armco iron 26:2 x 108 19-5 
28-1 x 10° * 20 
2 29-3 x 108 21 
3 29:5 x 108 21 
27°5 x 108 21-5 
4(a) 26-6 x 108 21 
5 32:0 x 108 21 
6 27:8 x 10° 20 


ners! Ne semen reins pee Vea pee ae ee = | 
* Steel No. 1 was obtained from a different source from the other materials 
tested, and its previous history is uncertain. 
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The most serious error in these determinations is that due to 
the uncertainty in the value of the moment of inertia of the cross- 
section of the test-piece () due to errors in machining. Since : 
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8I being the error in J due to an error 8d in the width and 8d in 
‘the thickness of the test-piece.4% To obtain the same accuracy 
in the determinations of the absolute value of the modulus of 
elasticity as in the comparative determinations would necessitate 
an accuracy of 10-5 in. in the dimensions 6 and d. The accuracy 
in practice was of the order of 10+ in., giving a maximum possible 
error of up to $%. 
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THERMO-ELECTRIC POWER OF VERY PURE 
IRON BETWEEN 20° AND 230° C.* 


By F. C. THOMPSON, D.Met., M.Sc., ann N. C. SAHA, M.Sc. 
(UNIVERSITY OF MANCHESTER). 


Paper No. 8/1943 of the Alloy Steels Research Committee. 


SUMMARY. 


The thermo-electric power of very pure iron has been accurately 
measured in the temperature range from 20° C. to 230° C. No 
abnormalities which clearly exceed the experimental error have 
been noticed. The effects of such factors as the presence of hydrogen 
and cold-work have also been investigated, without any discrepancies 
being observed. The results tend to endorse the view, put forward 
by Sykes and Jones, that the abnormalities in the mechanical pro- 
perties of iron and its alloys are not reproduced in its more definitely 
physical properties. 


In their paper on discontinuities in the resistance-temperature curve 
of iron, Sykes and Jones ” say that if it can be shown that “ structure- 
insensitive ” properties such as specific heat and electrical resistance 
vary continuously with temperature, then the reasons for the 
anomalous changes in mechanical properties must be sought from a 
consideration of such properties as grain boundaries, grain size, 
precipitation effects, &c. 

Their results, as well as those of Sykes and Evans on the specific- 
heat curve, support the view that, while irregularities do admittedly 
occur in the mechanical properties as the temperature is raised, 
properties of a purely physical nature do not. 

Such a physical property, which may be measured with a high 
degree of accuracy, 1s the thermo-electric power. For the purpose 
of examining the variation of this property with temperature, 
Dr. W. J. P. Rohn provided the authors with two samples of iron 
wire, 0-2 mm. in dia., of the highest possible purity. One of these 
was a vacuum-melted electrolytic iron, the second a very pure, 
vacuum-melted carbonyl iron, both samples being vacuum-annealed 
after drawing. Their analyses are recorded in Table I. 

The thermo-electric power of iron has already been investigated 
by more than one worker, but the differences in the results obtained 
and the great purity of the material now available appeared to 
justify further examiation. 

In a paper on the thermo-electric power of iron at temperatures 
up to 1000° C., Burgess and Scott reported a smooth curve in the 

* Received August 22, 1942. This paper is published by authority of 


the Alloy Steels Research Committee. The views expressed. in it are the 
authors’, and are not necessarily endorsed by the Committee as a body. 
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TaBLe I.—Analyses of Materials. 


Total 
F Oo. Si. Mn. Es Cu. Ni. Im- 
saver, On | Nee] ee %. | %. | %. | purities 
% 
Vacuum-melted electrolytic 
i 0-02 | Trace | 0-06 0-025 | Trace | 0-03 ats 0-135 


iron 5 . 2 é 
Vacuum-melted carbonyl 
iron 5 : - | 0-01 } 0-005 | 0-95 0-003 | 0-004 | 0-05 ne 


lower temperature range. They admitted, however, that their 
method did not lend itself well to very accurate results at tempera- 
tures below about 400° C., on account of the effect of draughts and the 
consequent difficulty of maintaining uniformity in the increase of 
temperature. 

On the other hand, Borelius and Gunneson, in their investiga- 
tion of the thermo-electric power of iron, found abnormalities at 
several temperatures. In these experiments the specimen was 
heated to the desired temperature in a specially constructed electric 
furnace and quickly quenched in cold water. In certain cases, 
they heated the same specimen to various temperatures, while 
in others they used the same specimen once only. These wires 
were made into couples with the untreated wire of the same material, 
and the thermo-electric powers were measured by comparison 
with a couple of known thermal e.m.f. Periodic irregularities were 
obtained when these results were plotted against temperature._ 
Repeat experiments with same material showed that, though the 
curve was slightly displaced, the abnormalities occurred at approxi- 
mately the same temperatures, suggesting that these were due to 
some kind of transformation of a. hitherto unknown character. 

Borelius‘ continued these experiments with hydrogen-bearing 
electrolytic iron, vacuum-melted electrolytic iron, both untreated 
and heated in coal-gas, and a high-silicon iron. He found evidence 
of transformation in all these materials, abnormalities which 
persisted even in the vacuum-melted electrolytic iron, the purest 
form of iron then available. This was held to show that these 
transformations were not due to the presence of gases, but were an 
inherent characteristic of iron itself. 

Thompson and Whitehead“ also noticed abnormalities in the 
thermo-electric power of 0-15% and 1-0% carbon steels against 
platinum, the hot junction being immersed in a gas-heated oil-bath 
which was thoroughly stirred. They heated the specimen to 
gradually ascending temperatures and used the deflection of a high- 
resistance mirror galvknometer as a measure of the thermo-electric 
power. 


EXPERIMENTAL. 


In brief, the experimental arrangement adopted in this work 
consisted in using a triple junction of iron, silver and constantan, 
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of which the iron-silver wires were used to measure the e.m_f. 
and the silver—-constantan couple to determine the temperature at the 
exact point of the iron-silver junction. 

The wires were most carefully twisted together to avoid any 
contamination of the iron resulting from soldering, and insulated 
from each other by inserting them in thin-walled glass tubes. 
To minimise loss of heat due to conduction along the wires, a length 
of about 6 in. was immersed in the oil-bath. This was heated by 
two resistors on opposite sides, and thoroughly stirred by the two 
stirrers shown in Fig.1. A rheostat placed in series with the heaters 
controlled the rate of increase of temperature. The other ends of the 
wires were connected to the potentiometer leads in a thermos flask 


Stirrers 


Electrically-driven 
Shaft 


Wax Seal 
Rubber Tube 


Thermos Flask 


ke Screen Pye 


Heaters , 


ie Ga/vanometer Scale ‘se 


Fie. 1.—Apparatus for Determining Era. 2.—Circuit Diagram for the 
Thermo-Electric Power. Measurement of Thermo-Electric 
Power. 


filled with ice and water. In order to avoid corrosion, the wires 
between the ends of the glass tubes and the flask were threaded 
through thin rubber tubing, the junctions of the glass and rubber 
being sealed. ; 

The iron and constantan wires were taken to potentiometers I. 
and II., respectively, the silver wire being connected to both. 
Potentiometer I., used for the measurement of the thermo-electric 
power of the silver—iron couple; was a precision instrument manu- 
factured by Tinsley. Two sensitive galvanometers and lamps were 
employed for the potentiometric measurements, both spots of light 
being received on the same scale, Fig. 2. ; 

Before any readings were taken, the batteries for the potentio- 
meters were fully charged and then allowed to discharge through the 
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potentiometer circuit for about 3 hr. The discharge voltage was 
then found to remain steady for three or four series of readings. 
Nevertheless, in order to eliminate small unknown errors due to 
slight unbalance of the potentiometer circuits, both the potentio- 
meter rheostats were rebalanced against the standard cell before 
every single reading. 

When taking a curve, the following procedure was adopted : 
The heating current was switched on and the rheostat adjusted 
to give the required rate of increase of temperature. The contact 
stud of the potentiometer used to measure the temperature (P,) 
was moved through 70 microvolts (approximately 2° C.), and when 
the spot of light from the galvanometer G, actually passed through 
the null point, the readings of the potentiometer P, as well as the 
deflection of the galvanometer G', were carefully noted. 

This procedure enabled the reading of the thermo-electric 
power of the iron to be taken at the precise moment of passage 
through the null point of the spot of light from the temperature 
couple, exact temperature measurements being assured. 

The contact of P, was again moved through another 70 micro- 
volts and the process repeated. 

It is difficult to estimate the exact experimental error of the 
present arrangement, as the major part of this error was bound 
up with the shortcomings in the instruments, but the individual - 
observations are believed to be accurate to about + 0-1 microvolts. 

In the case of the electrolytic iron the following curves, Fig. 3, 
were obtained : 


Aj.—After a preliminary heating to 230° C. in 6 hr., at 
which temperature it was held for 45 min., the specimen was 
allowed to cool freely. (This curve was rejected as being 
unsatisfactory.) The wire was then reheated to 230° C. in 
6 hr., held there for $ hr., and readings were taken down to 
154° C. as it cooled freely. About 16 hr. later it was reheated 
to 166° C. in 2 hr., held there for 1 hr., and cooled freely. 

A2.—Heated to 140° C. in 4% hr., held there for 1 hr. and 
cooled freely. 

A3.—Careful repetition of A2. 

A4.—Heated to 140° C. in 7 hr., held there for 45 min., 
and allowed to cool freely. 

Ad.—Heated to 230° C. in 7$ hr. 

A6.—Heated to 140° C. in 2 hr. 


The only curve, B1, obtained with the carbonyl iron was taken 
during heating to 230° C. in 74 hr. 
_ Some lengths of the electrolytic iron wire were then heated to a 
high temperature, about 1300° C., in hydrogen and quickly cooled 
in the gas. For comparison, another length was similarly treated 
in high vacuum and cooled slowly. The curves obtained for these 
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materials are reproduced in Fig. 4, H1 referring to the hydrogen- 
treated sample, and H2 to the vacuum-annealed material. Curve 
H3 refers to the wire treated in hydrogen and then elongated 
17° in tension. 
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CONCLUSIONS. 


i j de 
With the exception of curve A2, to which reference is ma 
later, none of the curves shows any marked or consistent abnor- 
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mality. As has been said, it is not easy to assess the magnitude of 
the probable experimental error, but it is doubtful whether there are 
any irregularities which exceed it. 
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Fie. 4.—Thermo-Electric-Power/Temperature Curves. 
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The peak around 120° ©. in A2 is due to an accident whi 
necessitated the shutting off of the heating current for a shot 
and is not shown in the repeat run 43. 


Tt will be noted that as the temperature of the oil-bath rises the 
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curves become progressively smoother, a fact to be attributed to the 
more uniform temperature as the viscosity of the oil diminishes. 
The curves for the wires heated in hydrogen show no appreciable 
alteration, either as treated or after cold-work, whence it would 
appear reasonable to suppose that this gas is not the cause of the 
abnormalities found in the mechanical properties of ordinary steels. 
So far, then, as this work goes, it is not inconsistent with the 
views of Sykes and Jones that the oft-recorded abnormalities in the 
mechanical properties of iron and its alloys are not reproduced in 
curves of more purely physical properties of the ‘‘ pure ”’ metal. 


The authors would acknowledge the great assistance that they 
have received from Dr. J. W. Cuthbertson, and one of them (N.C. 5S.) 
thanks the University of Glasgow for a J. R. K. Law Scholarship. 
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CORRESPONDENCE. 


Dr. CG. .SyKses, F.R.S. (The National Physical Laboratory, 
Teddington), wrote: The results of the investigation recorded in 
this paper are in agreement with the view that the structure- 
insensitive properties of iron, thermo-electric power, resistivity 
and specific heat, vary continuously with temperature in the range 
20-230° C. and thus controvert the results of Borelius and Gunneson.! 

I have always felt particularly sceptical about the anomalies 
in thermo-electric power which were referred to as resulting from 
the “intrinsic ” properties of the metal iron on the purely practical 
grounds that the iron-constantan combination is used so successfully 
asathermocouple. In view of this usage and the careful investiga- 
tion that it has received at the hands of such organisations as the 
U.S. Bureau of Standards, it was difficult to understand how any 
substantial anomalies could have eluded discovery for so long. 


Mr. W. C. Hesetwoop (Central Research Department, The 
United Steel Companies, Ltd., Stocksbridge, near Sheffield) wrote : 
This paper has achieved its main purpose by providing confirma- 
tion (within its limits of accuracy) that the thermo-electric- 
power/temperature curve for iron does not show abnormalities 
corresponding with abnormalities sometimes reported in certain 
other properties. It is desired to comment only on the accuracy 
of the results and the purity of the iron used. 

(1) Accuracy.—This seems to be a little indefinite; the summary 
claims that the thermo-electric power “has been accurately 
measured,’ whereas the conclusions contain the phrase “it is not 
easy to assess the magnitude of the probable experimental error.”’ 

It is difficult to associate irregularities (as is suggested in the 
paper) with temperature variation in the oil-bath. The three wires 
of the double thermocouple are twisted into a common junction ; 
surely the actual temperature of this junction is the controlling 
temperature, and temperature variation in the oil or even along the 
wires can have little effect. 

(2) Purity—tThe iron used is described as “of the highest 
possible purity,” but it is interesting to note that Cleaves and 
Hiegel* recently determined many mechanical and physical pro- 
perties of iron containing only 0-01% of total impurities compared 
with 0:13% in the wire used by the present authors. The American 
work does not, however, include results that can be compared with 
those in the present paper. 


1 Annalen der Physik, 1922, vol. 67, p. 236. 


* Journal of Research of the National Bureau of Standards, 1942, vol. Bey. 
May, p. 643. 
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AUTHORS’ REPLY. 


In reply to the written discussion, the AUTHORS need make two 
observations only. In the first place both of the quotations from 
the paper given by Mr. Heselwood may be reconciled if he will put 
“small”’ in front of ‘“‘ experimental error.” With regard to the 
question of purity, the material was “‘ of the highest possible purity ” 
at the time the work was carried out, whilst, in addition, it is not 
unreasonable at the moment to view the possibility of producing 
iron with 0-01°% of total impurities with some scepticism. 
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THE EFFECT OF ZINC ON THE CORRO- 
SION-FATIGUE LIFE OF STEEL.! 


By N. STUART, Pz.D., D.I.C., anp U. R. EVANS, Sc.D. 
(CAMBRIDGE UNIVERSITY). 


Paper No. 8/1943 of the Corrosion Committee. 


(Figs. 1 and 2 = Plate I.) 


SUMMARY. 


Earlier work at Cambridge and elsewhere has shown that on 
steel wetted with nearly neutral chloride solutions contact with 
zinc prolongs the fatigue life. There appeared, however, a danger 
that in acid liquids contact with zine might increase the hydrogen 
charge and thus enhance the fragility. Most of the demonstrations 
of brittleness caused by a hydrogen charge in steel refer to stresses 
which, in the absence of hydrogen, would be sufficient to cause 
plastic flow; it seemed important to ascertain whether, within the 
elastic range, contact with zinc improved or shortened the life of 
steels bent in the presence of acid of different concentrations; the 
effect of nickel contacts was also studied. 

A machine was set up which permitted the alternating bending 
of twenty thin steel strips simultaneously in a thermostat room, so as 
to give mean values which would be reliable—despite the scatter 
of results invariably met with in work of this kind. 

& It was found that on cold-rolled steel (0:26% carbon) wetted 
with relatively strong acid a zine contact increased the fatigue life 
of the steel. At 0-001N and 0-00125N contact with zinc had no 
significant influence, but here the life is relatively long in any case. 
Steel previously charged with hydrogen by cathodic treatment 
showed a long fatigue life, even though the gas charge far exceeded 
that which would be produced by contact with zinc. It is con- 
cluded that a hydrogen charge is not dangerous, if the alternating 

\ stressing does not exceed the range needed to produce permanent 
set. Specimens exposed to the atmosphere in contact with zine 
suffered much less visible attack than those without zine protectors, 
but the fatigue life was not increased. 

Tt is concluded that contact with zinc may have value in some 
conditions, and that the dangers arising from a hydrogen charge are 


not serious. 


INTRODUCTION. 


The Problem. 

Cathodic protection, whether obtained by contact with zinc 
or by the application of an external e.m.f., has frequently been 
suggested as a means of overcoming the corrosion-fatigue of steel, 


1 Received August 25, 1942. This paper is published by authority of the 
Corrosion Committee. The views expressed in it are the authors’, and are 
not necessarily endorsed by the Committee as a body. 
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notably by Behrens.! Gould’s investigations at Cambridge * on 
the corrosion-fatigue of wire in the Haigh-Robertson machine 
showed that loose winding with zinc ribbon, even though it did not 
prevent access of the corrosive agent to the metal, greatly increased 
the corrosion-fatigue life in the presence of chloride solutions. 
Later work at Cambridge by Deer and Sleigh on the hydrogen 
embrittlement produced by certain acid media suggested that 
hydrogen in steel diminishes, under certain circumstances, not only 
the impact strength but also the life when subjected to alternating 
\ bending. Now, contact with zinc in the presence of acid rain or 
condensate would be liable to increase the hydrogen charge tn 
steel, and this suggested the fear that contact with zinc, although 
prolonging the life in neutral chloride solutions, might shorten it 
in the presence of acids. This is clearly a point which must be tested 
before zinc contacts can be recommended for general use in overcoming 
corrosion-fatigue. Any protective method which prolongs life 
under certain circumstances and shortens it under others (especially 
if the shortening occurs under just those conditions where the life 
would be short in any case) is open to grave objection. The stresses 
used in the work of Deer and Sleigh, however, may have exceeded 
the elastic range. Since, in general, service stresses will not intro- 
duce plastic deformation, it appeared important to conduct tests 
at stresses within the elastic range. As the shortening of life 
mentioned above had been obtained at low frequencies, the present 
work was also carried out at low frequencies, and a wide range of 
acidities was studied, extending to concentrations far higher than 
those which would occur in rain or natural waters. g 


The Programme. 


The experiments designed to answer the question propounded 
above fell into three series : , 

Series 1.—Steel strips, not previously corroded, were subjected 
to alternating bending in the presence of sulphuric acid of different 
concentrations, with and without zinc contact pieces. Specimens 
with nickel contact pieces were also tested. The nickel should act 
electrochemically in the contrary direction to zinc. The charging 
of the iron with hydrogen should be stimulated by contact with a 
zinc anode, and reduced by contact with a nickel cathode; if, 
therefore, hydrogen causes embrittlement, zinc should be harmful, 
and nickel beneficial. On the other hand, corrosion proper will be 
diminished by contact with zinc, and stimulated by contact with 
Re me Behrens, Mitteilungen des Wohler-Instituts (Braunschweig), 1933, 

oO. 1d. 


* A. J. Gould and U. R. Evans, Iron and Steel Institute, 1939, Special 
Report No, 24, p. 325. Of. the good effect of zine coats on the endurance 
of Duralumin found by I. J. Gerard and H. Sutton (Journal of the Institute 
of Metals, 1935, vol. 56, p. 44) and the statement of R. P. Haigh (loc. cit., 


p. 47) that on steel wonderfully good results were obtained even if there were 
holes in the zine coat. 


PuatTe I. 
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Fic. 2.—Side View, showing speci- 
mens and feeding arrangement. 
{Stuart & Evans. 
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nickel, and this factor should tend to make zinc prolong the life, 
and nickel shorten it. 

Series 2.—Steel strips which had previously received cathodic 
treatment in acid containing arsenic, so as to be strongly charged 
with hydrogen, were subjected to alternating bending in the machine, 
no acid being applied during the test. The object was to ascertain 
whether, in cases where beyond all question hydrogen was present, 
the fatigue life would be reduced. Ploum and Bardenheuer ! had 
found that such a treatment does produce embrittlement in bending 
tests, which evidently went well beyond the yield point. 

Series 3.—Steel strips were exposed to the atmosphere with or 
without zinc contact pieces, and were afterwards tested in an alternat- 
ing bending machine, to ascertain whether contact with zinc had 
diminished or increased the fatigue life. Neither of these changes 
would have been surprising. Contact with zinc might charge the 
steel with hydrogen and thus cause embrittlement; alternatively 
it might prevent pitting, owing to cathodic protection, and thus 
avoid the stress concentration which pits can sometimes produce. 


THE EXPERIMENTS. 
The Materials. 


The analyses of the materials used are shown in Table I. 


TaBLE I.—Analyses of Test Materials. 


Steel U. Steel US2. 
Carbon . : : : 0-13% 0:26% 
Manganese ; : : 0-35% 0-36% 
Silicon. ‘ : : 0:01% 0:207% 
Sulphur . - : a 0:061% 0:031% 
Phosphorus. ; : 0:060% 0:038% 
Copper . : : F 0-08% oe 

0:32 mm. annealed 

Thickness ‘ 0 : 0:29-0:32 mm. (-20\carn eoldicolled 


In preliminary experiments, steel /, a mild pack-annealed steel, 
as used in the South Wales tinplate industry, was employed, 
the marginal portions of the sheets being rejected. The surface 
of this steel was unsatisfactory and variable, whilst the thickness 
showed a serious fluctuation, which was particularly unfortunate, 
seeing that the fibre stress of a bent specimen depends upon the 
square of the thickness. As a result, the numbers obtained were 


very variable. 
Tor the main tests, Dr. T. Swinden, of The United Steel Com- 


1 H. Ploum and P. Bardenheuer, Mitteilungen aus dem Kaiser-Wilhelm 
Institut fiir Eisenforschung, 1934, vol. 16, p. 129. Cf., however, W. Machu 
and O. Ungersbiéck, Archiv fiir das Hisenhitttenwesen, 1942, vol. 15, p. 301. 
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panies, Ltd., very kindly arranged for the preparation of the steel 
strip US2, which showed satisfactory uniformity. Two coils were 
provided, one in the cold-rolled condition and the other annealed. 
The cold-rolled material was used in the experiments described 
below. ‘The steel was kept heavily greased in a vessel containing 
quicklime and calcium chloride. Periodically a few yards were 
removed and cut up into specimens on a treadle guillotine; they 
were degreased with carbon tetrachloride and acetone, dried quickly 
with blotting paper and stored over calcium chloride. Tests were 
carried out with the as-rolled surface. 


The Testing Machine. 

- The apparatus was set up in a thermostat room at 21°C. 
The machine, which is illustrated in Figs. 1 and 2, and (diagram- 
matically) in Fig. 3, was constructed of steel, with local use of 
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Fic. 3.—The Apparatus for Alternate Bending of Strips. 


Meccano parts, strengthened where necessary to give rigidity. 
The machine was designed to test about twenty specimens, 7-3 x 
0-8 cm., arranged horizontally like the keys of a pianoforte. At 
their stationary ends the specimens were gripped between Astralon 
(vinyl resin) insulators clamped together by steel pieces 56 om. 
long; the clamped portions of the specimens extended about 1-6 
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cm. from their ends. About 0-65 cm. from their other ends, the 
specimens passed through a slit formed by two parallel bars which 
were part of a frame designed to slide up and down in a vertical 
plane. The reciprocating motion of this frame bent the specimens 
first up and then down, so that the external fibres of the steel near 
to the clamped end were subjected to alternating stresses, which 
reached a maximum at the “ cantilever roots ’’ where the specimens 
were clamped. 

The reciprocating motion was provided by a 110-V. D.C. motor 
developing } h.p., which operated a worm-reduction gear on to a 
toothed wheel carrying a bicycle chain. The speed was controlled 
by means of a rheostat shunted across the rotor windings. 

In order to record automatically the moment of breaking, each 
specimen was connected to an electric circuit through a Post Office 
‘operation counter” of a pattern formerly used for recording 
telephone calls. A wheel geared to the rotating drive of the machine 
tipped up an enclosed mercury trip-switch once every 10 cycles, 
and an electric current was thus sent through the specimens and 
actuated the counters. So soon as a given specimen broke, the 
circuit leading to the corresponding counter was interrupted, and 
thé counter ceased to move on. Thus, to obtain the approximate 
fatigue life of a given specimen, it was only necessary to multiply 
the number recorded on the counter by 10. 

To measure the stresses imparted to the specimens, experiments 
were carried out with similar specimens clamped at one end and 
bent by means of weights applied at the appropriate point near the 
other end. In this way the load needed to give the same deflection 
as was produced in the machine (indicated by a pointer moving 
over the scale) was ascertained, and the maximum stress at the 
external fibres near the root was obtained by the expression 
6W1/bh2, where 1 is the cantilever length (5-05 cm.), h the thick- 
ness (0-029 cm.), 6 the breadth (0-79 cm.) and W the weight applied. 
A simple proof of this expression is given in Appendix I. 

At the amplitude (-- 1-1 cm.) used throughout the research, the 
stress in the external fibre of the cold-rolled steel locally reached - 
25 tons per sq. in. It was found that a bending load sufficient to 
cause this stress left no permanent set when repeatedly applied and 
removed, although when the load was sufficient to give 33-5 tons 
per sq. in. in the external fibre a permanent set appeared which 
increased on each renewed application; the relation between the 
deflection and load, shown in Fig. 4, indicates that 25 tons per 
sq. in. is still within the limit of proportionality.1 Specimens 
subjected to the test without any corrosion before or during the 
bending invariably survived periods of 500,000 cycles, whereas 


1 The value of the stress at the external fibre needed to produce perma- 
nent set on a bent specimen will not necessarily agree with the stress at which 
it appears on a specimen stressed in tension uniformly throughout its cross- 


section. ; 
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specimens subjected to corrosion before or during the experiments 
usually had much shorter lives. On the other hand, tests on 
annealed specimens in the absence of corrosive agent generally 
fractured at about 100,000 cycles or less, the air fatigue limit being 
well exceeded in this case. 
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Fie, 4.—Relation between Stress and Strain for a Single Strip. 


The frequency used throughout the work was a slow one, namely, 
33 cycles per min. Thus, the length of a single cycle was 1-8 sec. 
The low frequency of stressing has resulted in values for the corrosion- 
fatigue life which, when expressed in numbers of cycles, may appear 
very low; if expressed as times, the values become more compar- 
able with those commonly met with in corrosion-fatigue researches. 

The weak point of the machine is that, when some of the speci- 
mens have broken, the amplitude of the bending applied to the 
remaining specimens tends to increase appreciably. This will not 
affect the order of merit of the specimens under comparison (e.g., 
specimens with or without zine contacts), although it will tend to 
diminish the contrast between the lives as compared with figures 
obtained on a perfect machine. For the purpose of the present 
test, this is of no great moment. 


Series 1. 


During these experiments the specimens were kept wet with 
acid by means of a wick tied round the specimens at the root. 
The wicks consisted of linen tape 0-4 cm. broad, previously boiled 
out with water. The upper end of the wick dipped into a rectangular 
reservoir containing the acid, which siphoned down to the specimen 
and then through the far end of the wick into another reservoir. 
The difference of level between the two reservoirs was 1:75 cm., 
and the acid in the upper reservoir was replenished at the required 


TaBLE IT.—Corrosion-Fatigue Lives of Cold-Rolled Specimens 
Wetted with Sulphuric Acid. Steel US2. 


The lives are expressed in units of a thousand cycles. 
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level by means of a Mariotte bottle. In some runs, two separate 
- reservoirs and two Mariotte bottles containing acids of different 
concentrations were employed. The zinc or nickel contact pieces 
were pushed in between the wick and the steel strip in the manner 
shown in the inset of Fig. 3, which also defines the shape and size 
of these contact pieces. 

This method of feeding appears quite satisfactory for acid 
liquids, but it is not suited for some neutral liquids, as the linen 
tape tends to become blocked with rust, so that feeding ceases. 

The lives obtained with different concentrations of acid with and 
without contact pieces are shown in Table II. It will be observed 
that zinc appreciably lengthened the life at high concentrations, 
where a shortening of the life had been anticipated; at 0-25, for 
instance, zinc increased the life 3-4 times. At lower concentrations 
the state of affairs was different. Indeed, at 0-001N zinc seemed to 
produce a slight shortening of the mean life by about 14% of the 
original value, but application of the “ t-test,”’ explained in Appendix 
II., shows that the difference is not “ significant.” At high acid 
concentrations, contact with nickel gave slightly higher figures for 
the mean lives than were obtained in its absence, but the ¢-test 
showed the difference to be barely significant. One real alteration 
was, however, produced by nickel contact pieces; the fracture 
usually occurred, not at the cantilever root, where the stress was 
highest, but at the far edge of the nickel contact piece, where the 
stress is distinctly lower. This is probably due to the fact that the 
action of the cell Nickel | Acid | Steel will be stimulated by a supply 
of oxygen to the junction of steel and nickel, and for geometrical 


TaBLE III.—Oorrosion-Fatigue Lives of Specimens Wetted with 
Distilled Water and Rain Water. Steel US2. 


The lives are expressed in units of a thousand cycles. 
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reasons this will be greater at the point in question than where 
the steel is clamped. The fact that nickel frequently permits 
fracture to occur at an area subjected to lower stresses than those 
needed to produce it in the absence of nickel in the time in question, 
suggests that—despite the figures obtained—contact with nickel 
might be dangerous in some situations. 

Some results with distilled water and rain water are given in 
Table III. In distilled water, zinc certainly confers no benefit; 
indeed, there is a slight worsening, which the t-test shows to be just 
significant. In rain water—possibly owing to its higher conductivity 
—there is a marked increase of life, which the t-test shows to be 
significant. 


Series 2. 


The fact that contact with zinc did not produce shortening of 
the life in high acid concentrations in the experiments of Series 1 
might be explained in two ways : 


(1) It may be that the hydrogen charge produced by contact 
with zinc is too small to cause embrittlement. 

(2) It may be that any hydrogen charge, however large, 
would not be dangerous, provided that the stress never reached 
the values which produce plastic deformation in hydrogen- 
free steel. 


In order to distinguish between these two explanations, it seemed 
advisable to carry out experiments with specimens which beyond 
all question contained hydrogen. 

An electrolytic cell was set up in which seven specimens clamped 
to a nickel-plated holder were subjected for periods of up to 3 hr. to 
cathodic treatment in 0-1N sulphuric acid containing 3 mg. of 
arsenic per litre at a current density of 21 m.amp. persq.cm. The 
arsenic serves to prevent the escape of hydrogen from the steel.1 
The specimens, after such a process, were strongly charged with 
hydrogen, and produced rapid effervescence when introduced into 
hot water, one volume of steel evolving three volumes of hydrogen. 
If tested by bending between the fingers just after being charged 
with hydrogen, they were found to be very brittle, but when tested 
on the machine they remained unbroken over a 500,000-cycle 

eriod. 
3 It would seem that a charge of hydrogen vastly in excess of 
anything which would be likely to be produced through a zinc 
contact piece leads to no serious drop in the fatigue life, provided 
that the alternating stresses take place within the elastic range. 
Probably the premature breakage of steel charged with hydrogen 
in more severe mechanical tests is due to the fact that hydrogen 


1 Of. A. H. W. Aten, Recueils des Travaux Chimiques des Pays Bas, 1930, 
vol. 49, p. 641; 1931, vol. 50, p. 943. W. Baukloh and G. Zimmermann, 
Archiv fiir das Hisenhiittenwesen, 1936, vol, 9, p. 459. 
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interferes with plastic flow so that fracture occurs in its place.t If 
the stressing is confined to the elastic range, no shortening of the 
life need be anticipated, and, in point of fact, none is produced. 


Series 3. 

It is well known that specimens exposed to atmospheric corro- 
sion suffer in fatigue properties, owing to the stress concentration 
at pits, or possibly to loss of thickness. It seemed reasonable 
to expect that contact with zine might prevent this loss of 
corrosion-fatigue life, although it was also conceivable that the life 
might be shortened, owing to an increase in the charge of hydrogen. 

Specimens were exposed on the roof of the Chemical Laboratory, 
Cambridge, on the frame described elsewhere.2 Some of these 
specimens were provided with masks of perforated zinc, of the 
form shown in the inset of Fig. 3, some with masks of perforated 
Astralon (vinyl resin), and some were without any masks. After a 
period of rainy weather, they were brought in and tested in the 
machine. The lives are shown in Table IV. It will be observed 


TaBLe I[V.—Fatigue Lives after 6 Days on Roof in Rainy 
Weather. Steel US2. 


The lives are expressed in units of a thousand cycles. 


With Zinc Masks. Plain Metal. With Astralon Masks. 
er a Average. eee Average. ee Average. 
————e 
113 77 117 
118 124 107 128 134 137 
132 152 142 
133 176 156 


that contact with zinc, although greatly reducing the visible cor- 
rosion, has not prolonged the fatigue life; if anything, it has 
diminished it. ,The shortening of the life is not sufficient to be of 
practical importance, and the t-test (see Appendix II.) shows that 
it is not “ significant.” 


PRACTICAL CONCLUSIONS. 


The Effect of Zinc Protectors on Fatigue Life. 


_ The fear that a hydrogen charge resulting from contact with 
zinc in a strongly acid environment might shorten the fatigue life 
of steel has proved unfounded—at least for stressing within the 
elastic range under the conditions covered by the experiments. 

1 Reasons for this change are suggested by U. R. E in J 
Iron and Steel Institute, 1942, No. IL. Pp. 257 rf CoE DEAE Ue eet ae 


2 §. C. Britton and U. R. Evans, Journal of the Societ Chemical 
1930, vol. 49, p. 173 v. 4 ath ce ae 
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A hydrogen charge far greater than that which contact with zinc 
could yield has failed to reduce the life to the low values invariably 
obtained when acid is present during the application of alternating 
stress. Although a long series of experiments would be needed 
to prove that the danger is in all circumstances non-existent, there 
seems no urgent necessity to explore the situation further at present, 
since the conditions studied were those which—in the light of 
previous work—would seem most likely to prove disastrous. 

The fear which prompted the research was that, if zine pro- 
tectors were fitted to deal with a nearly neutral conducting liquid 
(e.g., sea water), and if, through some unforeseen circumstance, 
the environment became acid, the life would become even shorter 
than if no zine protectors had been fitted; if this fear had been 
confirmed, great hesitation would have been felt in recommending 
zinc to combat corrosion-fatigue. 

Theoretical interest attaches to the fact that at greater dilutions 
the benefit of zinc contact pieces declines, disappearing altogether 
at 0-00125N and 0-001N, but reappearing in 0-0006N acid and also 
in rain water. The situation is certainly complicated, but argu- 
ments similar to those used in explaining concentric rust rings 4 
would seem to suggest that, as the concentration is diminished, the 
effect of a zinc contact piece at any given distance should alternately 
decline and recover. But the matter has little practical importance, 
and the question whether the apparent adverse effect of zinc in 
0-00LN acid is real or not, hardly affects the decision as to whether 
zine can be recommended as a protective agent, because the con- 
ditions under consideration are such that the corrosion-fatigue 
life is in any case long. There is no serious objection to a protective 
method which slightly enhances damage when the conditions are 
such that damage is in any case slow, provided that it restrains 
damage when it would otherwise be rapid; it is the agency which 
accelerates damage just when it would in any case be rapid, and 
restrains it only when it would in any case be slow, that must be 
regarded with suspicion. 

The conclusion is that there need be no undue hesitation in de- 
veloping methods of combating corrosion-fatigue based on the use of 
zune. 


Modes of Application of Zinc Protectors. 

The manner in which zinc can be brought into contact with 
steel will depend on the shape and environment of the part liable 
to corrosion-fatigue. Hot-galvanising or electrodeposited coats 
protect partly mechanically and partly electrochemically, but they 
cannot be applied or renewed “in the field.” There are several 
paints rich in zinc dust now in course of development by Dr. J. E. O. 
Mayne and one of the authors in the Cambridge University Corrosion 

1 U. B. Evans, ‘“‘ Metallic Corrosion, Passivity and Protection,”’ p. 349, 
London, 1937: Edward Arnold & Co. 
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Laboratory, which give electrochemical protection against corrosion 
at gaps in the coat; experiments to test whether they will protect 
also against corrosion-fatigue are now being carried out by Mr. 
A. U. Huddle. Another possibility is a winding of zinc ribbon 
(which can be attached, if desired, by an organic adhesive), as in 
Dr. Gould’s work. Of course, in cases where the clearance is small, 
and notably in bearing surfaces, such methods are impossible, but 
it may then be considered whether zinc dust could not be introduced 
into the lubricant. 

With proper consideration of the electrochemical principles 
involved, there seems hope that the use of zinc may serve to pro- _ 
long corrosion-fatigue life under suitable conditions. It is of 
little or no value for poorly conducting liquids, but such liquids 
are not usually dangerous. 


The authors would like to acknowledge the help derived from 
discussions with Dr. A. J. Gould, Dr. T. P. Hoar, Dr. J. N. Agar 
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particularly that of the Chairman, Dr. W. H. Hatfield, F.R.S., and 
Vice-Chairman, Dr. T. Swinden, who also arranged for the pro- 
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APPENDIX I.—Mazimal Fibre Stress at Cantilever Root. 


Suppose a weight W is suspended at distance / from the canti- 
lever root (the place where the specimen is clamped), the breadth 
of the cantilever being 6 and thickness h, and suppose that Sy be 
the maximal stress which exists at the external fibres (tensional 
on one face and compressional at the other). 

The place where the stress attains the value Sy is at a distance 
h/2 from the neutral axis; at any other distance (y) from the 
neutral axis it will clearly be: 


¥ 
al | 
Ne the moment which resists bending on the tensional side 
will be : 
h/2 ySiy ASyb phi? , 2Syb 1 hF Sybh? 
[sity 82 (vay Be LB 


ho SP Re mee: 

Since the resisting moment on the compressional side is the 
same, the total resisting moment will be S ubh?/6, and this must 
balance the bending moment Wl. Thus: 

Wl =[S ybh?/6 
or Sy = 6W1/bh2. 


ybdy = 
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APPENDIX IT.—Use of the “ t-T'est”” for Significance. 


If a series of experimental results shows scatter and if the 
_ Series is repeated under identical conditions, the mean of the 
second series will in general be different from that of the first. 
If, however, the second series differs from the first in one respect, 
namely, that zinc contact pieces are fitted in the second case but 
not in the first, and if a difference is recorded between the two means, 
the question will at- once be asked: Is this difference attributable 
to the zinc protectors, or is it merely due to the play of chance? 
Clearly if the difference between the means of the two series is large 
compared to the scatter within each series, then common sense 
indicates that zinc has had a significant effect; if it is small com- 
pared to the latter, it provides no evidence that zinc has had any 
influence at all. In doubtful cases, statistical mathematics must 
be employed to calculate the probability as to whether the difference 
reached is due to a real difference between the two series, or whether 
the two series are really “identical” (the zinc having had no 
influence). Clearly the number of experiments must be taken into 
account, since the greater this number is, the more closely will the 
experimental mean approach the true mean—which would be 
obtained by averaging the results of an infinite number of ex- 
periments. The ¢-function is a useful statistic introducing the 
difference between the mean values of the two series (X, and X,), 
expressed as a fraction of the standard deviation, which is a suitable 
measure of the scatter within the series, and also introducing the 
number of experiments performed. It is defined as follows : 


. 


t =? 54] NyNo 
8 Ny + Ns 
where n, and n, are the number of experiments in each series, and 
S, the estimated standard deviation, is obtained from the expression : 
g =i ED +=D" 
: (ny —1) + (nm, — 1) 
D, and D, representing the deviations of the individual measure- 
ments in the two series from the respective means. The reason 
for the appearance of (n, — 1) and (n, — 1) instead of n, and n, in 
the denominator is that, in each series, the degrees of freedom will 
be one less than the number of experiments, since the deviations 
are measured from an experimentally determined mean; as soon 
as (n — 1) values of the deviation have been written down, the 
last value is already fixed, since one value (and one only) will keep 
the mean at the value adopted throughout. — ; 
By calculating ¢ and consulting tables available for the purpose,? 
it is possible to write down at once the probability that the difference 


1 See, for ‘instance, R. A. Fisher, ‘‘ Statistical Methods for Research 
Workers.’? London, 1941: Oliver and Boyd. 
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between the means of the two series is merely a freak of chance, 
and not attributable to the zinc protectors. 

The method has been used in cases where the difference between 
the results obtained in presence and absence of zinc is small. 
For instance, the difference given in Table IV. for the two sets of 
four US2 steel specimens exposed to the atmosphere with and with- 
out zinc contact pieces leads to ¢ = 1-36, which indicates a pro- 
bability of 0-2 that the difference is fortuitous. Such a difference 
cannot, therefore, be regarded as conclusive proof that the zinc 
contact pieces have produced a real worsening of the life. Similarly, 
two sets of VM steel specimens (26 with zinc, 13 without zinc) exposed 
on the roof show a difference between the mean values, but applica- 
tion of the t-test indicates that there is a 0-3 chance that this is 
only fortuitous. Here again there is no convincing evidence that 
the influence of zinc is significant. Again, with reference to Table II., 
giving the lives of US2 steel specimens tested with and without 
zine protectors in 0-001N, acid, the slight apparent worsening due 
to zinc is not significant, since the f-test gives a value of 1-36, 
corresponding to a probability of 0-2 that the difference is due to 
chance. On the other hand, the contrast between zinc and nickel 
contact pieces in 0-0006N acid leads to ¢ = 4-2, and here the pro- 
bability is less than 0-01 that the difference is fortuitous; the effect 
of the nature of the contact material must here be regarded as 
** significant.” 


’ 
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THE YIELD POINT IN STEEL.* 


By C. A. EDWARDS, D.Sc., F.R.S., D. L. PHILLIPS, M.Sc., ann 
Y. H. LIU, B.Mxt., M.Sc. (UNIVERSITY COLLEGE, SWANSEA). 


SUMMARY. 


Some of the explanations which have been offered to account 
for the phenomena of the “ upper ”’ and ‘‘ lower ”’ yield points in mild 
steel during tensile testing have been examined. It is confirmed 
that the behaviour of mild steel in this respect is an intrinsic pro- 
perty of the material, and is not due to the inertia of the testing 
equipment. It is also confirmed that the value of the yield stress 
is affected by the rate of loading. No support has been obtained 
for the hypothesis that the yield point is due to some kind of 
retardation in the ability of the metal to react to increasing stresses, 
if insufficient time is given for plastic deformation to be initiated, 
and that no yield point would be shown in mild steel if extremely 
slow rates of loading were used. The yield point in mild steel can 
no longer be attributed to the body-centred cubic lattice structure, 
since similar kinds of yield points have been found with alloys in 
which the solvent metals possess the face-centred structure. The 
authors believe that when a yield point is obtained, it is associated 
with the presence in the metal of an element which is more soluble , 
at high than at low temperatures, and with a treatment which 
causes this element to be precipitated on certain planes of slip 
within the crystals. 


INTRODUCTION. 


Tux study of the behaviour of metals during their plastic deforma- 
tion has formed the subject of many investigations which have been 
undertaken with a variety of purposes in mind. These have led to 
the accumulation of a considerable amount of interesting and useful 
evidence which has increased our knowledge of what happens during 
the straining of metallic crystals and crystalline aggregates. There 
are, however, many aspects of the subject which are not completely 
understood. This is especially evident when the behaviour of a 
typical non-ferrous metal or alloy is compared with that of ordinary 
mild steel during the early stages of tensile testing. With the 
former, the stress-strain diagram indicates that, after a certain 
stress has been reached, permanent deformation commences, and 
then proceeds almost regularly as the stress is increased. In the 
case of mild steel it is different, for, when deformation has once 
started, the metal continues to flow to a substantial extent without 
.further increase of stress. These changes in mild steel correspond 
to what is known as the “ yield point,” which is revealed on the 
stress-strain diagram as a well-defined break or step. From 
time to time many different explanations have been advanced to 
account for the yield point in mild steel, but so far none of them 
* Received August 31, 1942. 
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can be regarded as entirely satisfactory, though much light has been 
thrown on the subject during recent years. 

Amongst the many interesting features connected with the yield- 
ing of mild steel are those which are usually described as the “‘ upper ”’ 
and ‘‘ lower” yield points. These refer respectively to the stress 
at which yielding first begins and to the lower stress at. which 
deformation will continue for as much as 2-0°% or even more. 

Winlock and Leiter have shown that the value for the upper 
yield stress is affected by the rate of loading, and with very rapid 
loading this can become equal to the normal breaking stress of the 
material. It is also known that the general character of the stress- 
strain diagram is influenced by the type of the testing machine 
and by the way the test is carried out. Indeed Welter and 
Gochowski ® go so far as to state that the upper and lower yield 
points are not reflections of the intrinsic qualities of the metal itself, 
but that they are merely caused by the inertia of the machine and 
are due to the sudden stretching of the specimen and the inability 
of the machine to react satisfactorily to this quick change. The 
work. of Robertson and Cook,“ however, proves that the upper 
and lower yield points in annealed mild steel are true’ features 
of the metal. 


RATE oF LOADING AND CHARACTER OF YIELD POINT. 


A few typical stress-strain diagrams of a low-carbon steel are 
shown in Fig. 1; they were taken under somewhat differing condi- 


Stress. Tons per Sq./n. 
2 
OO ae 


Strain. 
Fie, 1.—Influence of Varying Rates of Loading on the Character of the 
Yield Point of Mild Steel. 


tions as regards speed, &c., and serve to illustrate how the form of the 
curve can be changed. 


The data are given in Table I.; the chemical composition of the 
steel was as follows : 


Oarbon. Manganese, Phosphorus, Sulphur. 
0-025% 034% 0-01% 0-03% 


Within the limits of the varying rates of loading used, the upper 
yield points range between 10-29 and 13-85 tons per sq. in. whilst 
the apparent lower yield points lie between 8-90 and 12-87 tons. 
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TABLE I.— Mild Steel Annealed at 950° C. for 1 hr. 


} jaa. ke «lao ae 
Se Upper Yield Lower Yield} Ultimate 
"Mark. Bete vot Loadiag-4 Uh. per Be: Rape toupee acco 
sq. in. sq. in, sq. in. 
— Shas heel tA 2S Wee CE 
a 10 12-000 ee Oat 19-78 
b 20, steadily continued throughout 10-29 10-29 19-68 
whole yield period. 
c 20, but not so quickly as (6) dur- 10-29 9-74 19-77 
ing yield period. 
d 6940 11:57 10-84 19-67 
e 27,000, continued during yield 13-79 12-87 19-70 
eriod. 
if 27,000, load allowed to drop 13-85- 8-90 19-71 
during yield period. 


* This high value is of some interest in view of the results dealing with 
the influence of slow rates of loading. 


The observed differences in the ultimate breaking loads are well 
within the limits of experimental error. 

With the rates of loading used for curve b, the yield point ap- 
peared to proceed to completion at a constant stress. This apparent 
absence of a lower yield point was due to the mechanism for applying 
the loading having been kept working at a rate which happened to 
coincide with the speed at which the specimen was stretching. 

For the purpose of later considerations it will be useful to refer 
to two other sets of curves which were taken. These indicate how 
sensitive low-carbon steels are to variations in the rate of loading. 
The curves are shown in Figs. 2, 3 and 4, and the data are given 
in Tables II., ITI. and IV. ne 

The curves in Fig. 2 were taken with samples originally of the 
same composition as the one just referred to, but in this instance 
the specimens were prepared as follows : Cold-drawn rods gz in. in 
dia. were heated to 950° C. in a stream of slightly moist hydrogen 
for five weeks to remove the carbon, and were then cold-drawn to 
4 in. in dia., annealed for an hour at 950° C. and slowly cooled in the 


furnace. 


O (c) 


Stress. Tons per Sq. In. 


Strain. 


F1q. 2,—Influence of Varying Rates of Loading on the Yieldin, Behavour 
of Decarburised Mild Steel. 
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TABLE I1.—Specimens Decarburised in Moist Hydrogen. 


Hydrogen-treated 5 weeks at 950° C., cold-drawn from x to } in. in dia., 
annealed 1 hr. at 950° C., furnace-cooled. 


Elastic Upper Loyer Ultimate 
Specimen Rate of Loading. Limit. Yield Point.) Yield Point.} Stress. 
Mark. Lb. per hr. Tons per Tons per | Tons per | Tons per 


sq. in. sq. in. sq. in, sq. in. 


a 160 4-51 ee Es 

om 27,000, continued during | 10-46 (?)| 10-46 9-30 
yield period. 

c 27,000, load allowed to | 10-06(?)| 10-06 6-08 
drop after yield started. 


see NN) 
Yn O 


Stress. Tons per Sq./n. 


Strain. 


Fia. 3.—Influence of Varying Rates of Loading on the Yielding Behaviour 
of Titanium Steel. 


TasuE III.—Titanium Steel Annealed at 1000° C. for 1 hr. 


Specimen ee of Elastic Limit. Upper Yield Lower Yield Ultimate 
g. . . Point. St R 
a ra wick he Tons per sq. in. Tons an in. | Tons oer sq. in.| Tons oe in. 
a 100 5-86 <a aes 19-60 
b 300 eos 6-73-7-31 ss 19-98 
c 6000 share 9-41 9-21 20°75 
(approx.) 
.d 27,000 Aot 12-11 9:2 20-94 
(approx.) 
25 ES 


N) 
GA Oo 


(c) + |(d) 
Strain. 


Fie. 4.—Influence of Varying Rates of Loading on the Yielding Behaviour 
of Nickel-Titanium Steel. 


Stress. Tons per Sq. /n. 
enon: 
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TaBLE IV.—Nickel-Titaniwm Steel amen at 950° C. for 1 hr. 


Specimen a of Mineticnianin Upper Yield Lower Yield Ultimate 
Mark! oading. ee P . Point. : 
ark Lb. per hr. Tons per sq. in. Tons ar act in, | Tons rat in. eke fora in. 
60 11-56 eee 565 25-14 
300 12-11 S06 208 25-09 
300 13-17 13°17 536 25-09 
27,000 ? 14-61 ® ? 24-99 


The curves in Fig. 3 relate to a steel containing 0-025% of carbon 
and 0-14% of titanium, and those in Fig. 4 to a steel with 1-61% 
of nickel, 0-025% of carbon and 0-14% of titanium. 

These results have been selected from amongst a large number 
because they indicate that specimens which give no yield point 
when tested at slow speeds may be made to show a yield point when 
tested at higher speeds. In passing, it may be noted that a steel 
containing the same nickel and carbon contents as that referred to 
in Table LV. but with no titanium gave a strain of 4-0% at the yield 
point. From this it is evident that mild steels are very sensitive 
to variations in the rates of tensile loading. 


Drrect-LoADING EXPERIMENTS. 


Facts of the above kind appear to lend support to the view held 
‘by some writers that the yield point in mild steel may be due ta 
some kind of retardation in the ability of the metal to react to in- 
creasing stresses and that time is necessary before plastic deformation 
can begin. 

If this is correct it would seem reasonable to anticipate (a) that 
the upper yield point of mild steel should be lowered with decreasing 
rates of loading, and with very slow rates only a simple step should 
be found on the stress-strain diagram, and (6) that this in turn ought 
to become continuously lowered by still slower rates of loading. 
In other words, with extremely slow rates no yield point should be 
found. With this possibility in mind, a series of experiments was 
made to determine the influence of exceptionally slow rates of load- 
ing. For this purpose it was thought desirable to avoid mechanical 
devices for applying the loads; in this way difficulties from inertia 
arising from machine bearings, levers and other features of design 
would be overcome, and a constant load on the specimen could be 
maintained, or changed to any required value, immediately after 
yielding commenced. Accordingly, a simple arrangement for direct 
loading was used, Fig. 5. It consisted of a strong frame of four 
vertical supports fitted with a steel plate at the top, from which 
was suspended the upper grip attached to a universal joint; the 
lower end of the specimen was gripped in a similar manner, and below 
this second universal joint a pan was fitted for carrying the weights. 
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For the first set of experiments, specimens 13 in. long were cut 
from cold-drawn rods of approximately } in. dia.; these were first 
straightened by giving them 
a small permanent set in a 
tensile machine, and then an- 
nealed at 950° C. in an inert 
atmosphere for an hour, fol- 
lowed by slow cooling in the 
furnace. The behaviour of 
the material under stress was 
observed by means of a Lamb 
extensometer. To bring the 
testing time within reasonable 
limits, an initial load of about 
8 tons per sq. in. was applied 
in each case; this was sub- 
stantially less than the elastic 
limit, when testing the same 
material at normal rates of 
loading in an Amsler machine. 
This initial load was slowly 
applied by cautiously releasing 
the jack supporting the pan 
carrying the weights. After 
taking the necessary extenso- 
Fie. 5.—Equipment for Direct Loading. meter readings, additional 

weights were carefully placed 
on the pan at predetermined intervals. The extensometer read- 
ings were taken for some time after each increase of load, 
because an appreciable time was required, after reaching the yield 
stress, before permanent deformation setin. Stretching was allowed 
to proceed to the extent of 0-0125%, which corresponded to a 
movement of 1 cm. on the scale. The load was then reduced by 
removing the weights at regular intervals, and during this period 
extensometer readings were again taken. Tests were made with 
different rates of loading, but the quickest speed was slow when 
compared. with those used by Winlock and Leiter. The results 
obtained indicated that deformation continued at stresses much 
below those at which it started, but in only two of the experiments 
were the lower yield point stresses carefully determined. The 
evidence confirms Robertson and Cook’s work and conclusions, 
that there are quite distinct upper and lower yield points in mild 
steel, and, from the nature of the present method of procedure, the 
behaviour cannot be attributed to inertia traceable to any mechanical 
device for applying, the load. The results obtained are given in 
Table V., and illustrated in Fig. 6. There are indications of a 
general tendency for the upper yield stresses to become less with the 
decreasing rates of loading covered by the range between B and C 
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Taste V.—U nshaped Specimens. 


Average area of specimens, 0°01214 sq. in. 


Rate of Loading. Upper Bower 
Yield Yield 
Point. Point. Remarks. 
Lb. per Actual Rate in anes Tons per | Tons per 
hr. Testing. per He sq. in, sq. in. 
1 Ib. per 24 hr, 0-00153 10-66 se One addition of 1 Ib. per day. 
4 Ib. per 24 hr. 0-00614 10-82 ies Hight 4 lb. additions between 
9.0 A.M. and 5.0 P.M. 
1 Ib. per hr. 0-03678 9-62 
1 Ib, per } br. 0-14712 9-43 
1 Ib. per 5 min. 0-44064 9-51 os 
2 Ib. per 5 min, 0°88272 9-49 crs 
2 Ib. per 5 min. 0+88416 9-28 8-58 1 Ib. per min. off.* 
1 Ib. per 2-5 min. 0-89496 9-76 9-01 1 Ib. per min. off.* 
4 lb. per 5 min. 1-76256 9-62 Air 
1 Ib. per min. 220320 9-60 
2 Ib. per min, 4-40640 9-98 


* Rate of unloading after reaching the yield point. 


’ 


Gr reo 


O10. 20. 30° 46.50.6070 80 90 /00 HO 120 
Rate of Loading. Lb. per hr. 


¥ 1a. 6.—Influence of Rate of Loading on the Upper Yield Stresses of 
Unshaped Specimens of Mild Steel. 


Yield Stress. Tons per Sq. In. 


in Fig. 6. The differences are not large, and at first they might be 
considered to be within the range of experimental error, but on the 
other hand they are in conformity with Winlock and Leiter’s work. 
With still slower rates of loading than those represented by the 
point B, Fig. 6, there is a rise in the initial yield stress to about 
10-7 tons per sq. in., as compared with approximately 9-6 tons per 
sq. in. for slightly quicker rates of loading. This result is not what 
would be expected from the supposition that the upper yield point 


is due to something in the nature of a lag caused by the material 


being capable of carrying a higher initial stress if insufficient time is 


given for plastic deformation to be initiated. It also provides a 
negative answer to the question raised earlier as to whether tests 
carried out with very slow rates of loading would yield evidence 
tending to indicate that no yield point would be shown in mild 
steel if extremely slow rates of loading were used. As previously 
stated, this series of tests was made with specimens of annealed 
drawn rods. That is to say, the diameter of the specimens was the , 
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same over the whole length, including those parts in the grips of the 
testing machine. The yield almost always began immediately 
adjacent to the grips, and then spread over the length of the speci- 
men; occasionally it was also observed to start at the points where 
the knife-edges of the extensometer were in contact with the speci- 
men. Factors of this kind no doubt affect the upper yield stress, 
but it is difficult to see how they could give rise to the high values 
obtained for the very slow rates of loading. However, another 
series of tests, using the same steel, was made after shaping the 
specimens in accordance with the sketch, Fig. 7. In this way the 


' \ ten titi H ye. 
ie \ ! I » 
r— 33 Sawn ee 2 2” a — 2 5 oI 
' 


Hees 3°. —__———— 


Fia. 7.—Dimensions of Shaped Specimens. 


effects of the grips and the knife-edges of the extensometer were 
overcome, and the yielding was forced to commence within the 
shaped portion of the test-pieces. After machining, the specimens 
were annealed in an inert atmosphere for an hour at 950° C. and slowly 
cooled in the furnace. The tests were carried out in the same way 
as those previously described, but rather more care was taken during ~ 
loading; each increase was made in the form of 3-lb. weights. 

The results are given in Table VI. and plotted in Fig. 8. They 
confirm the essential features of the results previously obtained 
‘ when using unshaped specimens. That is to say, they again show 


TaBLE VI.—Shaped Specimens. 


Average area of specimens, 0-01139 sq. in. 
Load increased by 3-lb. weights. 


Rate of Loading. 
Upper Yield Lower Yield 
Z Point. Point. Remarks, 
Lb. per hr. Tons per sq. in. | Tons per sq. in. | Tons per sq. in. 
per hr. 
2 0-07284 14-51 noe 
2 0:07368 10-51 $0 Slightly bent. 
2 0:07394 10:79 Soc 
4 0:14096 9-09 Ce 
6 0-23684 9:33 
7:5 0:27180 12:26 ase 
10 0-36840 9-39 9-01 1 lb. per min. off.* 
15 0:57090 9-40 8-69 4 lb. per min. off.* 
24 1-09704 8-66 8:32 4 lb. per min. off.* 
130 1:12890 9-20 8-39 4 Ib. per min. off.* 
40 2-41600 9-18 8-34 4 lb. per min. off.* 
120 4-29000 9-29 8-79 4 Ib. per min. a 


* Rate of unloading after reaching the yield point. 
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x ‘ Upper Yield Point. ‘ 
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8 Lower Yield Point. 
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Rate of Loading. Lb. per hr. 


Fia. 8.—Influence of Rate of Loading on the Upper and Lower Yield 
Stresses of Shaped Specimens of Mild Steel. 


Yield Stress. Tons per Sq. /n. 


© 


a critical rate of loading below which the upper yield occurs at a 
higher stress than is needed for quicker and more normal rates. 
This critical rate appears to be approximately 10 lb. per hr. for 
shaped specimens. It is true that all the tests are not in accord 
with this conclusion, but this is not surprising when the circum- 
stances are taken into account. In the over-stressed condition— 
that is, when the load is slowly applied and reaches a value above the 
normal yield stress—the material must be in a peculiarly sensitive 
state, and liable to yield suddenly as a result of some accidental 
small variation in the conditions of the test. The two recorded 
results for rates slower than that corresponding with the point B, 
Fig. 8 (which gave upper yield point stresses comparable with those 
obtained for quicker rates of loading), may be due to some variation 
of this kind. Be that as it may, the evidence indicates that with 
extremely slow rates of loading mild steel is capable of supporting 
stresses considerably higher than what the same material can with- 
stand at ordinary testing speeds. 

In this connection it is interesting to note that Professor Haigh 
obtained yield points in mild steel at loads as high as 118% of the 
ultimate tensile strength, whilst the elongation and the rest of the 
tensile curves were in no way abnormal. This high value of the 
yield point was obtained by preparing a tensile test-piece with the 
greatest care, using a highly polished surface and fillets of very large 
radii, and by loading the piece in such a way as to approach true 
axiality. 

These observations have been confirmed by Professor F. W. 
Thorne in a paper read at the meeting of the British Association 


in 1931. , 
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LOWER YIELD POINT. 


As previously mentioned, whilst carrying out the above experi- 
ments on the influence of varying rates of testing by the method of 


dead-loading, the opportunity was taken to determine whether the ~ 


existence of a lower yield was real, and not a reflection of the 
mechanical means used for applying the load. Some of the results 
are given in Table VI., and illustrated in Fig. 9. Extensometer 


Rate of Loading :- 
95 10 Lb. per hr. /5 Lb. per hr. 30 Lb. 40 Lb. 


perhr. perhr.,_ 120 Lb. per hr. 
per Ar. 


[ena et 
OVO /MO2tOS 
Sca/e of Percentage Strain 


Fic. 9.—Influence of Rate of Loading. 
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Stress. Tons per Sq. /n 
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readings were continued after the elastic limit had been reached, 
and during this stage the load was being reduced by constant amounts 
at definite intervals of time. From all these curves it will be seen 
that, once plastic deformation commenced, it continued at much 
lower loads than those initially required. 

Unfortunately, the observations were not continued far enough 
to determine the exact stresses at which deformation came to an end. 
Hence, the recorded values for the lower yield points in Table VI. 
cannot be regarded as more than close approximations; the first 
two curves are not so complete as the others, because the readings 
were discontinued while deformation was proceeding rather quickly. 
Even in the last three instances the extensometer readings indicated 
that slow movement or creeping was stillin progress. Itis, therefore, 
only possible to suggest that the lower yields lie somewhere between 
8-3 and 8-7 tons per square inch. 


THe Breaviour oF Non-Frrrous Merats During STRAINING. 


Hor many years it has been generally thought that those alloys 
which come within the broad description of “ steels ’’ were the only 
ones known to give clearly defined yield points during tensile testing. 
It is true that occasional references are to be found in the literature 
to the effect that some of the non-ferrous metals and alloys display 
this characteristic. One interesting example is Duralumin. There 
seems to be no doubt that a yield point has been observed by some 
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workers with this alloy, whilst others have failed to detect one. 
This will be referred to again later. Another instance is to be found 
in a publication by Shoemaker, in which is reproduced a series of 
stress-strain diagrams that reveal small indications of yield points 
for copper, and a 72/28 and a 60/40 brass when they were tested at 
low temperatures. With each of these materials the yield point: 
shown on the curves increased as the testing temperature was lowered 
from 0° to —80° C. 

Kuroda “ repeated these experiments at low temperatures, but 
he obtained negative results. He suggested that the difference 
might be due to the fact that the materials used by Shoemaker 
contained appreciable quantities of impurities. The sample of 
copper was only about 99-75% pure, and the brasses had almost 
4% of elements other than copper and zinc. Until quite recently 
it was generally thought that the yielding behaviour of mild steel 
during the initial stages of deformation was directly due to the 
element iron itself, but now it is known to arise from the presence 
of small quantities of other elements.2® In view of this, it was 
considered to be a matter of much theoretical interest to extend the 
present investigation to an examination of a few non-ferrous materials 
to see if another metal would develop a yield point on the introduction 
of specially selected alloying elements and on suitable heat treatment. 
Any reliable evidence of this kind would help in furnishing a clearer 
conception of the way in which carbon and other elements act in 
ferrous alloys. 

Nickel. 

The first experiments were made with nickel. This selection 
was rather arbitrary, and perhaps the chief, if not the only, reason 
at the time was that it is close to iron in the periodic classification 
of the elements. Two samples were used, and these were supplied 
by the Research and Development Department of the Mond Nickel 
Co., Ltd. The approximate analyses were as follows : 

Malleable Nickel, | Manganic Nickel. 


Carbon. ; : : . 0-01-0-:02% 0:04-0:06% 
Silicon. 6 ; : . 0:02-0-:05% 0-10-0:15% 
Copper. ; - , . 0:05-0-20% 0-10-0-20% 
Tron : : Pe Noo . 0-10-0-15% 0-10-0:15% 
Manganese é : : . Trace—0:03% 2:5 —2:8% 

Magnesium . : é . 0:05-0-:10% 0-:05-0:10% 


These samples were in the form of 4-in. dia. cold-drawn rods, 
which were subsequently drawn down to in. The specimens were 
then annealed at various temperatures for different periods, as 
indicated in Table VII., and tested in the Amsler machine. A 
constant rate of loading was used, namely, 10 lb. per min., unless 
otherwise stated, and the specimens were long enough to provide 
6-in. gauge lengths for the stress-strain diagrams. The chief object 
of starting with heavily cold-worked samples was to ensure being 
ableto obtain small crystals by annealing at suitablylow temperatures. 
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The results obtained are given in Table VII. and plotted in Fig. 10. 
No useful purpose would be served by referring to the effects of 


TasLe VII.—Heavily Cold-Drawn Samples of Nickel and 
Manganic Nickel Annealed at Different Temperatures. 


Elastic Limit. 


Annealing Temp. 


Yield Point. 


Yield Strain. 
=e 
an 


Ultimate Stress. 
Tons per sq. in, 


and Time. Tons per sq. in. | Tons per sq. in. of 

- Malleable Nickel. 
300° C., 1 hr. 48-04 be 
Ajo ©.) Lear. 41-68 
5002 C.) LD hre % 40-94 
625° C.; 1 hr: 39-73 
HS0- C.. lene: 38-69 
550° C., 4 hr. 39-09 
600° C., 1 hr. 6:98 

Manganic Nickel. 
300° C., 1 hr. 70:37 noe Seo 
475° ©. nr. afer 62-03 2-67 
DOO MC eebekr nie 61-51 2-67 
525° ©: Ishr: cee 61-19 2-67 
5502 GC.) 1 hr: 59-43 ae uae 
550° C., $ hr. oe 60-32 Only slight 
600° C., 1 hr. 22-90 Sc ae 

70 


SESS a8 


Yield Stress or Elastic Limit. Tons per Sq. /n. 
~ 
2) 


JOO’ 350 


400 450 


DOOM S5ON COO 
Annealing Temperature. °C, 


Fic. 10.—Influence of one E ee wa on Yielding Behaviour of 
ickel. 
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varying annealing temperatures upon all the tensile properties, as 
the only feature of immediate interest is the behaviour of the two 
kinds of material during the early stages of deformation. 

_ In no case did samples of malleable nickel give any sign of a 
yield point. The position was quite different with the manganic 
nickel, for in this instance well-defined yield points were obtained 
with samples which had been annealed at temperatures within the 
range 475-525° C. for 1 hr. After heating below or above this 
range of temperature no yield point could be detected. The upper 
limit of this range is below that at which the work-hardening is 
quickly removed. No yield point was observed after heating at 
550° C. for 1 hr., but there were indications of a yield point after 
heating at the same temperature for only $ hr. 

_ The stress-strain curve for one of the samples containing manganese 
is shown in Fig. ll(a). The yield point was definite and gave a 
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Fic. 11.—Stress-Strain Curves of Nickel Alloy, showing a yield point. 


yield strain of 2-67%; it was more progressive in character than is 
usually obtained for mild steel. This was partly due to the slow 
rate of loading, which was 10 lb. per min. throughout the whole 
testing period. 

Another sample of the same kind was tested with a quicker rate 
of loading, Fig. 11(b); the yield then occurred at a constant stress. 

Having obtained these results with an alloy which largely consists 
of metal possessing a face-centred cubic lattice, it became even 
more desirable to find an alloy in which the element causing the 
change could be traced. In the light of what is now known concern- 
ing the influence of carbon in iron in this respect, attention was 
naturally turned to alloys ‘constitutionally similar to those of the 
iron-carbon system; that is to say, those in which the added element 
forms solid solutions with a limited degree of solubility, coupled 
with a decreasing solubility with falling temperature. | Many 
alloys of this kind behave like mild steel as regards the ability to 
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show age-hardening qualities after quenching from suitable tempera- 
tures, and some of them become age-hardened after straining, &c. 

Up to the present, however, the authors have confined their 
attention to three cases, namely, standard silver, an alloy of copper 
with 185% of beryllium, and Duralumin. 


Standard Silver. 


The material used was supplied in the form of }-in. round cold- 
drawn rod, and this was further drawn to fin. in dia. Samples 
were heated to 750° C. for } hr. and then quenched in cold water. 

Some of these were tested in the quenched state, whilst others 
were tempered by heating for } hr. at 175°, 250°, and 500° C., 
respectively, and then tested. Another set of the quenched speci- 
mens was subjected to a tensile strain of 6-0% and then tempered 
at 175° C. for } hr. The results are summarised in Table VIII. 


TasiEe VIII.—Standard Silver. 


Treatment. Stress to | Limit of " 4 
give 6% | Propor- P cess bcs Yield 
| Strain. | tionality. | poe ner | Tons por | Strain. 
Quenching and ; Tons per | Tons per | ~OPS,Per | “ons per ae 
Straining. Tempering. sq. in. sq. in. sq. in. sq. in. 
Ge Sn Oe <5 a 7-28 * 19-25 
o aicbod cache Wh neat Lise OG 12-15 %: 23-19 
strained , + hr. at 250° O. i 16-42 <a 28-09 
: $ hr. at 500° OC. an 14-45 ay 21-42 
Beeaahee Ot) | 4 br eb 186° GO. ) | Ta-0 14-78 20-03 1:56 
6%. 2 1 hr. at 175° ©. 13-30 14-62 20°27 1-50 


None of the specimens which had been simply quenched, or quenched 
and tempered, gave any sign of a yield point. The stress-strain 
diagrams were typical of a non-ferrous metal or alloy. In the 
specimens that were quenched, strained, and then tempered, how- 
ever, quite distinct yield points were obtained. A typical diagram 
for this group is shown in Fig. 12. 
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Fia. 12.—Standard Silver. 
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Copper-Beryllium. 


The copper-beryllium alloy used contained 1:85°% of beryllium, 
and was supplied in the form of 4-in. drawn rods, in the soft or 
quenched condition. This was further drawn to } in. in dia. by the 
authors. Some of the quenched samples were tested without 
further treatment, some after tempering at 200° C., and others 
after straining and then tempering. The results are incorporated 
in Table IX. This alloy gives a yield point under more widely 


TaBLe [X.—Copper-Beryllium. 


Treatment. Mechanical Properties. 


Stress to | Limit of . * 
Heating, Quenching and Yield | Ultimate 


Straining. 


Tempering. give 6% | Propor- | point. Stress. 
Tons per | Tons per 
sq. in. sq. in. 


Strain. | tionality. 
Tons per | Tons per 
sq. in. sq. in. 


(1) Heated to 600° O. 
for 15 min., cooled 
to 500° C. for 30 


min., quenched . 


(2)A4sQ1)’.  . ~~ . | 30 min. at 200° 0. 
(3) As (1) and strained 
CARS A - | 30 min. at 200° O. 


(1) Heated to 600° O., 
cooled to 400° OC. 
for 30 min., 
quenched 

(2) Asq_) . : : 

(3) As (1) and strained 
695, we 3 


: 


30 min, at 200° O. 
30 min, at 200° O. 


(1) Heated to 700° C., 
slowly cooled in 
furnace A ; 
(2) As (1) and strained ; 
Go Seame : . | 30 min. at 200° C, 


(1) Heated to 800° C. 
for 30 min., 
quenched . 5 

(2) As (1) and strained 
OFjaes : 5 


163 hr. at 200° C. 


* Faint indications of yield. 


varied conditions of treatment than standard silver, and in many 
respects it behaves rather like mild steel. Thus, a yield point is 
obtained after heating to 600° C. and then quenching from 500° or 
400° C., before and after tempering, and also after straining and 
tempering. It hardly seems necessary to discuss the results in detail 
at this stage, but it may be useful to draw attention to the varying 
amounts of strain at the yield point, namely, from 0-75 % to as 
much ‘as 3:0%, obtained after different treatments. ‘The curves 
in Figs. 13 and 14 illustrate the kind of stress-strain diagrams 


obtained. 
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quenched and tempered. 


Duralumin. 


Although the authors’ experiments with Duralumin gave negative 
results, they think it desirable to give a brief outline of what was 
done. Before doing so, however, it is of interest to point out that 
while the present investigation was in progress their attention 
was drawn to a recent paper by Sutoki “ on the “‘ serrated elonga- 
tion ’’ in different metals. On p. 685, a stress-strain diagram of 
Duralumin is shown which reveals a yield point. The specimen 
had been quenched in water from 400° C. followed by tempering 
at 140° C. for 8 hr. On repeating this heat treatment with the 
Duralumin at their disposal, the present authors were unable to 
detect any sign of a yield point. They made numerous other 
experiments by varying the quenching temperature and the temper- 
ing treatment, and in all cases their results were negative so far as the 
appearance of a yield point was concerned. A typical stress-strain 
diagram of one of the samples is shown in Fig. 15, where very 


Stress. 


Strain. 
Fie. 15.—Typical Serrated Stress-Strain Diagram of Duralumin. 


pronounced serration can be seen. This is the kind of curve which 
has been shown by Korber and Pomp ® to be produced when mild 
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steel is tested at 250° C., ¢.e., marked serration and no yield point. 
The authors think it is just possible that a serrated type of stress- 
strain diagram with no yield point when obtained by testing at one 
temperature might be associated with a set of conditions within the 
metal which will cause a yield point to appear when the test is con- 
ducted at a lower temperature, as in the case of mild steel. With 
this possible analogy in mind a specimen of heat-treated Duralumin 
was tested at —21° C., but again a negative result was obtained. 

It was not possible to extend the range of these experiments, but 
the authors are still inclined to think that a yield point might be 
found in Duralumin, either by testing at a lower temperature or by 
varying the heat treatment or the composition of the alloy. 


DISCUSSION. 


From the results obtained in the course of the present investigation 
it is evident that the quality of suddenly undergoing plastic deforma- 
tion at a constant stress—that is, yielding—is not confined to 
ferrous materials. The same kind of change takes place in alloys 
of nickel, silver and copper, and there is every reason to believe 
that it will be found in many others. 

The three metals just mentioned possess the face-centred cubic 
lattice type of structure, and, therefore, it seems reasonable to con- 
clude that the yield point in iron-carbon alloys is not due to the metal 
having a body-centred structure. This is not intended to imply 
that the lattice structure of iron plays no part in increasing its 
tendency to give a yield point. It may be that a body-centred 
structure is more sensitive in this respect than a face-centred lattice 
by presenting a wider range of planes on which slipping can take 

lace. 
It has been shown by Edwards, Phillips and Jones ( that the 
presence of minute quantities of carbon, and possibly other elements, 
causes iron to give a yield point. 

Whilst the authors appreciate that the evidence available even 
now might not be sufficient to justify drawing definite conclusions 
concerning the precise manner in which the alloying elements cause 
the yield point to occur in metals, they think it is desirable to give a 
brief outline of their views in this connection. 

Up to the present, perhaps the most satisfactory explanation of 
the yield point in steel is that which was put forward by Kuroda a 
and by Nadai.1 Briefly, this rests on the hypothesis that, even 
when the amount of carbon present is extremely small, a honey- 
combed or cellular form of structure is obtained in which the soft 
crystals of ferrite are surrounded by ultramicroscopic films of hard 
carbide of iron. According to this conception the films enable the 
mass to support a stress well above that which the ferrite crystals 
themselves can withstand, and, in consequence, plastic deformation 
is prevented until these films are broken; but, once this takes place, 

1943—i M 
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deformation of the ferrite must occur to quite an appreciable 
extent. 4 r 

This view has the merit of being both reasonable and simple. 
In a recent paper Edwards, Phillips and Jones “ suggested certain 
modifications, but the basic idea of strong crystal boundaries was 
retained. i 

Any explanation that is ultimately found to meet the case of mild 
steel will no doubt be sufficiently comprehensive to cover those 
non-ferrous alloys which behave in a similar way. That being so, it 
might be useful in the first place to examine the evidence obtained 
in the present investigation for standard silver and the copper- 
beryllium alloy. In both instances the equilibrium diagrams 
indicate that, at high temperatures, the alloys consist of homo- 
geneous solid solutions, from which a second constituent separates 
on moderately slow cooling, and the separation proceeds more or 
less progressively as the temperature falls. In general form, the 
diagrams for these two systems closely resemble that of the iron- 
carbon alloys. 

In the case of standard silver none of the samples in the condition 
as quenched from any temperature showed any sign of a yield point, 
but after the same treatment followed by straining and tempering 
well-defined yield points were observed. By heating to 750° C. 
and cooling to, say, 600° C. before quenching, ample opportunity 
is afforded for an appreciable amount of the second constituent 
to separate from solution. It therefore seems safe to conclude 
that (1) the normal separation of the second constituent, which 
in this case was a solid solution of silver in copper, with its tendency 
to migrate to the crystal boundary, did not give a yield point, and 
(2) the yield after straining and tempering was most probably 
due to the precipitation, or incipient precipitation, of the second 
constituent on the slip planes within the body of the crystals. 
This kind of change can no doubt be expected to proceed more 
readily and extensively at and near the crystal boundaries. 

The results obtained with the copper-beryllium alloy are more 
complex than those for standard silver, for a yield point is obtained 
after much wider variations of treatment. The outstanding features 
of interest are : 


(1). A yield point was foundafter quenching from each temper- 
ature, after quenching from 500° and 400° C. and tempering, and 
after quenching from the same temperatures, straining and 
tempering. 

(2) No yield point was obtained with a specimen slowly 
cooled in the furnace from 700° C., but the same treatment fol- 
lowed by straining and tempering gave a large yield. 


The former set of results calls for no special comment at the 
moment, because they are in very close agreement with what is 
known about mild steel. The results obtained after slow cooling 
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in the furnace are in many ways comparable with those of quenched 
standard silver. In all these cases no yield point was evident until 
after straining and ageing, in spite of the fact that ample opportunity 
was given for the separation of the second constituent, by cooling 
in the furnace on the one hand or cooling to the quenching tempera- 
ture on the other. This seems to indicate that the yield point is 
not caused by a constituent which has already separated, as suggested 
by Kuroda, but by its incipient separation upon the slip planes within 
the crystals. Of course, the facility with which this precipitation 
takes place may be expected to vary (1) from one alloy system to 
another, and (2) with the degree of supersaturation of the solid 
solution and the mechanical treatment to which it is subjected 
before testing. With regard to the first, no doubt this will depend 
upon the particular atoms or compound molecules which are separat- 
ing from solution. Concerning the second, what has just been 
said will also apply, but the speed of precipitation will tend to 
increase with greater degrees of supersaturation for a given system 
and set of conditions, as regards both temperature and the type of 
disturbance caused by mechanical deformation. 

If these views are tentatively accepted as a basis of discussion, 
we may proceed to examine how they fit in with the experimental 
evidence now available. In the case of standard silver the solid 
solutions obtained by quenching from any temperature below 
750° C. are not so unstable as to develop, spontaneously, the kind of 
precipitation on the slip planes which presumably causes the yield 
point. These solid solutions, however, can be stimulated, by strain- 
ing followed by tempering, to develop that kind of precipitation 
which gives rise to a yield point. 

The results for the copper-beryllium alloy are in most respects 
comparable with those for ordinary mild steels, but there is one 
outstanding difference which might be used to throw additional 
light on this intricate problem. Thus, by slow-cooling the copper- 
beryllium alloy in the furnace from 700° C., no yield point was 
obtained until the specimens were strained and annealed. Ordinary 
mild steels on the other hand always give a yield point after slow- 
cooling from, say, 950° C. } 

Sake een to account for these differences and. offer 
an explanation of the yield point in metals which will embrace the 
known facts relating to both ferrous and non-ferrous alloys, it seems 
desirable to define the different conditions in which an added element 
that is capable of being held in solid solution to a greater extent at 
high than at low temperatures may exist after the alloy is cooled to 

rdinary temperatures. Sie) 
; “tn the ce however, it is important to bear in mind that 
solubility boundary lines in an equilibrium diagram are extremely 
difficult to determine experimentally for low ranges of temperature 
and concentration. In such cases the residual solid solution existing 
at the ordinary temperature, even after slow cooling, will almost 
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certainly be in a supersaturated condition. The degree of this 
supersaturation will vary from one alloy system to another, but in 
all there must be a tendency towards a state of equilibrium by 
precipitation of the excess material. } 

After the slow cooling of an alloy, the added element may exist 
in one or more of the following four conditions : 


(1) In the form of a distinct and separate phase, either as the 
element itself, a new solid solution or a compound. 

(2) Some will be held in the state of perfect solid solution 
which will be stable for all time. 

(3) A portion may be forcibly retained in solution, but in an 
unstable state, and this may be capable of being partly or 
completely deposited from solution if the conditions become 
favourable. 

Straining may increase the instability of this supersaturated 
state, and immediately cause the change to commence, but this 
change might need time or a rise in the temperature. 

(4) After slow cooling, some of the atoms or compound mole- 
cules may have been rejected from solution on the slip planes 
at temperatures which are too low to permit of their coalescing 
to form distinct particles of the second constituent. 

With some alloy systems, this transitional state of semi- 
precipitation may exist even after quick cooling, such as quench- 
ing from intermediate temperatures. 

The amount of partially precipitated material will vary from 
one alloy system to another. In some, the rate of coalescence 
may be at least equal to that at which precipitation takes 
place, whilst in others this may not be the case. 


Now, with the slowly cooled copper-beryllium alloy it would seem 
safe to assume that the solid solution is still supersaturated, but that 
all the atoms which have been thrown out of solution have coalesced 
to form the second constituent. Under these conditions no yield 
point can be observed during a tensile test. The instability of thé 
supersaturated solid solution is, however, increased by straining, 
and when this treatment is followed by tempering a yield point is 
obtained. The authors consider that this is caused by the incipient 
precipitation of some of the dissolved substance on those planes of 
slip upon which deformation normally commences. In this way the 
initial resistance to plastic deformation is raised, but once the 
appropriate tensile stress has been reached, movement takes place 
on those planes, and then proceeds on subsidiary planes which have 
not been affected by the precipitation of atoms upon them. In 
other words, the elastic limit has been artificially raised by partial 
precipitation on those planes upon which preferential slipping would 
otherwise take place, but once this has started, deformation proceeds 
at a constant or even lower stress, because movement then occurs 
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- additional planes which have not been affected by the precipita- 
ion. 

_ The above considerations involve the not unreasonable assump- 
tion that slipping must first begin upon a given set of planes before it 
can proceed upon a secondary set. 

At this stage it may be useful to refer to experiments made 
not long-ago by Edwards, Phillips and Jones “ in their work dealing 
with the influence of titanium on various steels; a steel containing 
1-6% of nickel and 0:025% of carbon showed a pronounced yield point 
on the stress-strain diagram, but another steel with the same nickel 
and carbon contents with 0:14% of titanium gave no yield point. 
Apart from the break in the diagrams corresponding to the yield 
point in the former, the two curves were quantitatively identical. 
From this it will be seen that the effect of carbon which has not been 
immobilised by the presence of titanium is simply to raise the stress 
at which deformation commences, but it has no influence on the 
straining behaviour of the metal beyond the yield point. 

In the quenched specimens of the copper-beryllium alloy a 
yield point is obtained without the necessity of first straining and 
then tempering. This is explained on the grounds that, during 
quenching, partial precipitation of the atoms or molecules on the 
slip planes and their coalescence are taking place at the same time, 
but the amount precipitated is always in excess of that coalesced. 
Thus, at any given stage, there are always precipitated atoms on the 
planes of slip, and a yield point is produced. 

In the case of specimens slowly cooled to the ordinary tempera- 
ture, coalescence is complete, and therefore no yield point is obtained. 

We may now turn to a brief consideration of mild steels, to see 
whether what is known about them concerning the yield point fits 
in with the above line of reasoning. As previously mentioned, the 
similarity between mild steel and the copper-beryllium alloy is 
almost complete. The only significant difference is that in all mild 
steels, &c., which have been slowly cooled a yield point is invariably 
found, whereas the copper-beryllium alloy after slow cooling does 
not show a yield point unless it is strained and tempered. Even 
this difference is more apparent than real, and the authors believe 
it is due to the exceptionally low degree of solid solubility of carbon 
in ferrite at low temperatures. é 

Experimental evidence in support of this view was obtained by 
Edwards, Jones and Walters,?” but its significance was not ap- 
preciated at the time. After submitting samples of very low- 
carbon steels to a prolonged heating in moist hydrogen at 950 C., 
followed by slow cooling, they obtained no indication of a yield 
point on the stress-strain diagram ; the same samples, however, 
after being strained in tension and tempered at 250° C. for | hr., 
gave a pronounced yield point. These facts have been confirmed 
by the present authors. This brings the behaviour of carbon im 
steel completely into line with that of beryllium in copper, and the 
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theoretical considerations put forward for the latter also apply to 
the former. = He 

To explain the development of a yield point it is only necessary 
to postulate (1) that the prolonged heating of the low-carbon steel 
did not remove all the carbon and (2) that, although the amount of 
carbon left was small, it was still above the equilibrium limit of 
saturation in ferrite at low temperatures, and that this was capable 
of being precipitated on the slip planes by straining followed by 
tempering. The authors feel it is unnecessary to assume that in 
this case straining and tempering cause the migration and coalescence 
of the carbide of iron to the crystal boundaries of the ferrite. Indeed, 
it is difficult to imagine how this could be brought about in the course 
of an hour at such a low temperature as 250° C., or possibly less. 


CONCLUSIONS. 


(1) Experimental evidence has been obtained which confirms the 
conclusions of Cook and Robertson that low-carbon steels show an 
upper yield point at which plastic deformation commences and a lower 
yield point at which it will continue. 

Stress-strain diagrams illustrate how the form of the curve 
obtained and, therefore, the apparent nature of yielding are affected 
by the speed at which the test is made. 

(2) As previously indicated by Edwards, Phillips and Jones,? 
with specimens which have been almost completely decarburised, 
or in which the carbon is in combination with an element like titanium, 
no yield point is obtained when the test is carried out at normal 
slow rates of loading. When, however, the same specimens are tested 
by rapid loading there are indications of a small but distinct yield 
break on the stress-strain diagram. 

(3) The yielding characteristic of mild steel is an intrinsic quality 
of the material and is not due to the mechanical devices of loading. 

Both the upper and the lower yield points are quite clearly 
defined when a simple method of dead-loading is applied. This is 
true even when the rate of loading is extremely slow. Indeed, there 
are indications that the upper yield stress is raised by careful and very 
slow loading. , 

(4) Clearly defined yield points have been found in a nickel alloy, 
standard silver and a copper-beryllium alloy. The solvent metals of 
each of these alloys possess the face-centred lattice structure. From 
this and other facts referred to in the paper it is evident that the well- 
known yielding phenomena of mild steel cannot be attributed to the 
body-centred lattice of iron. The authors conclude that when a 
yield point is obtained, it is associated with the presence of an 
element which is capable of being held in solid solution to a greater 
degree at high than at low temperatures, and with a treatment 
which causes this element to be precipitated upon certain planes of 
slip within the crystals. 
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CORRESPONDENCE. 


Dr. E. W. Fe.t (Birmingham) wrote: Before discussing the 
paper in detail, I feel it is well to say, by way of introduction, that a 
large amount of work has already been carried out in the past on the 

remarkable yield point in steel and that, as a result, a very clear 
understanding of the phenomenon has been obtained, which, I 
believe, finds general acceptance. Very briefly, its explanation 
is simply that, owing to the properties of single iron crystals 
and of an aggregate of them, steel has certain properties such as 
greater strength than most non-ferrous metals, and, further, the yield 
point represents the general setting-in of plastic distortion. That 
this distortion may now proceed at a constant applied stress, or even 
lower stress, is understandable now that that original rigidity has 
been suddenly broken down, and the extent to which it occurs is 
attributed to the specially large number of slip planes available in 
iron crystals and their aggregates. The distortion is finally brought 
to a stop by work-hardening, and as slip has proceeded as far as it 
can, then a continual increase of applied stress is necessary for more 
extension to occur. This explanation was accepted by me in my 
work on yielding phenomena in metals.? 

With regard to the present paper, I will confine myself to a con- 
sideration of the “ precipitation ** theories brought forward by the 
authors, according to which carbon is the cause of the yield point. 
At the outset, I must say that I find it very difficult to accept these 
explanations, as I believe that the high limit of proportionality and 
high modulus of elasticity of iron and steel are, primarily, properties 
of an aggregate of iron crystals, and are not due to the presence of 
carbon in any form whatever. It is necessary to explain why I refer 
in my discussion to the limit of proportionality and modulus of 
elasticity of iron and steel. It is for the reason that the authors in 
their Summary and Conclusions refer to a treatment which causes 
an element to be precipitated on certain planes of slip within the 
crystals of the metal as being associated with the occurrence of a 
yield point. According to this explanation, the effect of the pre- 
cipitation is, presumably, at first to strengthen the metal to resist 
permanent deformation, but as the stress is still further increased 
there is reached, at last, a point at which this resistance is over- 
come and, in short, marked yielding occurs without further increase 
of stress now that there is nothing to resist it. Although the 
authors do not say so, their explanation implies that the high limit 
of proportionality and high modulus of elasticity of iron and steel 
are due to the precipitation. Although I believe that these two 
high values are important and necessary conditions for the yield 
point to occur in iron and steel, yet I believe that these high values 
are primarily due to the properties of iron crystals and their aggre- 
gates and are not directly associated with precipitation. 


1 Fell, Zhe Iron and Steel Institute, Carnegie Scholarship Memoirs, 1937 
vol. 26, p. 160. : ; 
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I consider that one of the chief obstacles in the way of 
hypotheses that carbon causes the yield point is the fact that the 
yield point is found in iron and steel which has been previously 
decarburised in hydrogen (Fell, loc. cit., p. 157). This fact is con- 
firmed by the curves (b) and (c) in Fig. 2, which show the yield point 
in mild steel decarburised by the authors. What evidence is there 
that the decarburising treatments applied did not result eventually 
in the complete removal of carbon from the iron? Supposing that 
any iron carbide remained in the iron after the treatments, then it 
seems improbable that such minute quantities of it should be the 
cause of the high values of the limit of proportionality and modulus 
of elasticity of iron or the cause of the occurrence of the yield point. 
Supposing for a moment that precipitation of carbon according 
to the authors does occur and is responsible for this strength and 
the yield point, then is it not astonishing that similar strength 
and a similar remarkable yield point as in iron are not encountered 
in normal routine testing of the non-ferrous metals, as, for example, 
of the cast and wrought alloys of aluminium in which so much use 
is made of precipitation phenomena for strengthening purposes ? 
I mention this because there are very marked tendencies for pre- 
cipitation-hardening to occur in aluminium alloys, given certain 
easily attainable conditions, yet in spite of this there is no yield 
point or high limit of proportionality or high modulus of elasticity 
as in iron and steel. Other non-ferrous alloys would also be expected 
to show precipitation-hardening to some extent in the general course, 
yet the same yield point is absent. It seems, therefore, that such a 
small amount of iron carbide in the iron would have a negligible 
effect on the properties of the iron, and what effect it might have 
may be certainly no greater than that of other impurities present... 

Examples are given in the paper of yield points in a nickel alloy 
(Fig. 11), standard silver (Fig. 12) and copper-beryllium (Figs. 13 
and 14) which resemble the yield points in iron and steel. These 
I attribute partly to the strengthening-up of the structure of the 
material by the special heat treatments and straining treatments 
applied, but the limit of proportionality and modulus of elasticity are 
apparently high. It would be interesting to know to what extent 
the plastic distortion at these yields resembles the Hartmann lines 
in iron. One way of doing this would be by observation of the 
distortion on bars having a high polish. I think that Young's 
modulus of elasticity should certainly be given in the paper with the 
limit of proportionality for the three non-ferrous alloys, because 
these two relatively high values together, plus the capability of the 
metal to deform plastically a considerable amount when its elastic 
limit is suddenly exceeded on increase of the applied stress, are, 
in my opinion, the true reason why the yield points occur as shown 
in the stress-strain diagrams referred to. The same reason applies, 
of course, for the remarkable yield point in iron. and steel. : In 
passing, it may be noted, for purposes of explanation, that a high- 
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tensile steel has high values for the first two of these properties but 
lacks, at any stress, that “extra” plasticity (due to a marked 
property of slip in crystals) which is necessary for a yield point to 
occur. 

A stress-strain diagram of Duralumin is given in Fig. 15, showing 
a series of discontinuities in the curve. These are most probably 
yield points, and associated with the plastic distortion seen on 
polished surfaces of the same metal when under stress, which has 
been described in detail (Fell, loc. cit., p. 147). I concluded that the 
distortion in iron at the yield point is essentially the same as this 
in Duralumin, but with important differences. For example, there 
is the difference that there is no single and extensive yield as in 
iron and steel. There are also considerably fewer types of slip plane 
in Duralumin than in iron, and it seems that as the applied stress is 
increased in alloys of the Duralumin type there is a succession of 
intermittent and permanent yields brought about by a small but 
finite amount of slip along the same crystal planes each time. 


AUTHORS’ REPLY. 


Dr. Epwarps and Mr. Pxiuies, in reply to Dr. Fell’s com- 
munication, wrote: It is true that a large amount of work has 
been carried out in the past on the yield point in steel, but it is 
misleading to suggest that this has led to a clear understanding of 
the phenomenon. To emphasise that up to the present there is no 
explanation which is generally acceptable, it is only necessary to 
point out that numerous and widely differing views have been put 
forward during recent years. Thus, there are those advanced by 
Nadai, by Kuroda, by Andrew and Lee, by Morrison, by Welter 
and Gochowski, and by others. 

The explanation acceptable to Dr. Fell for the yield point in 
iron is that iron differs from most non-ferrous metals in that it 
possesses greater strength and rigidity (as shown by a high limit 
of proportionality and a high modulus of elasticity) and that yield- 
ing is due to a sudden breakdown of this original inherent rigidity 
and the setting-in of plastic distortion, the extent of the distortion 
being attributable to the large number of slip-planes available in 
the body-centred lattice of iron crystals. 

We do not regard this as a real explanation of the causes of 
the yield point in steel, but consider it to be simply a brief outline 
of a set of relevant facts which can be accepted without question 
because there is no need for any disagreement. A more fundamental 
question, however, is why have steel and almost pure iron what 
must be regarded as an artificially high elastic limit? The experi- 
mental evidence obtained in the present and our previous investiga- 
tions provides an adequate answer to this question. There can be 
no doubt that this particular quality of a high though artificial 
elastic limit is due to the presence of traces of carbon and possibly 
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other elements. Further, it has also been clearly demonstrated 
that the yield point in steel cannot be attributed to the fact that 
“-iron has a body-centred crystal lattice, and therefore possesses 
a larger number of crystal planes (than face-centred crystals) upon 
which slip can take place. The reasons: for this conclusion are : 
(i) When iron has been specially purified it does not show a yield 
point, though it still has the body-centred lattice; (ii) low-carbon 
steel which has not been decarburised, &c., does not display a yield 
point at, say, 500° C., at which temperature the carbon is in complete 
solution, even though the crystal structure is of the body-centred 
type at that temperature; and (iii) metals with a face-centred 
lattice have been shown to develop a yield point when certain 
additional elements are present. 

We contend that pure iron, like most pure non-ferrous metals, 
has a low limit of proportionality and no yield point. This is true 
when the metal has been freed from such an element as carbon by 
decarburisation and when that element has been immobilised by 
the addition of a sufficient quantity of a strongly carbide-forming 
element such as titanium. We submit that the presence of a 
second element is necessary in iron and in other metals before 
yield-point phenomena are observed (e.g., carbon in iron, copper 
in silver, manganese and magnesium in nickel, beryllium in copper, 
and copper, &c., in aluminium), and that this additional element 
has to be more soluble at high than at ordinary temperatures. Under 
certain conditions, the incipient precipitation of this second element 
(or its compound) on selective slip-planes of the parent metal 
imposes a greater rigidity on the metal and raises the limit of pro- 
portionality, thereby producing a steeper and longer rise in the 
initial portion of the stress-strain curve. When this extra rigidity 
is finally overcome, plastic deformation takes place at a constant 
or even at a lower stress, and the characteristic “‘ step ” or yield 
point is revealed on a stress-strain diagram. 

Our contention that carbon in steel is the most effective element 
in causing the yield point is based on previous work by Edwards, 
Phillips and Jones,! in which it was shown that : 


(a) Steels with no yield point could be produced by the 
addition of certain carbide-forming elements such as chromium, 
vanadium, niobium and titanium in a sufficient quantity to 
immobilise the carbon present, the amounts of the elements 
necessary being in inverse order of their affinity for carbon. 

(b) On the addition of more carbon to a “ yield-free eee 
steel, the yield point reappeared, while a further addition o 
titanium again removed the yield point. 


It is impossible to explain these results by any theory based only 
on the crystallographic structure of pure body-centred iron. sauna 
yield points have been shown in the present paper to be pigsiice 

in non-ferrous alloys in which the parent metals possess other 


1 Journal of The Iron and Steel Institute, 1940, No. II., p. 199 P. 
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types of crystal lattices, by methods analogous to those used for 
iron, namely, the addition of a second element followed by suitable 
heat treatment. In this respect, it is interesting to quote Dr. 
Fell’s own views! that “‘ there seems no reason why sudden and 
finite yielding should not occur in other metals if the conditions 
are suitable.” We contend that we have determined the necessary 
conditions in certain cases. 

It is interesting to record that during the yielding of these non- 
ferrous alloys the progress of the yield could be followed along the 
length of the specimens by observation of the gradual spreading 
of plastic deformation, just as in the case of steel. 

Dr. Fell’s objection to the carbon theory in the case of steel 
appears to be based on the results of his own work with specimens 
(1d in. x $in. x } in.) treated with moist hydrogen for the relatively 
brief period of 136 hr. We suggest that decarburisation was not 
complete in this time. In our experiments with steel (z in. in 
dia.) decarburised for 5 weeks (Fig. 2(a)) a complete absence of 
yield and, incidentally, a very low elastic limit are observable when 
normal conditions of loading are applied. At this stage, we would 
like to point out that we have every reason to believe that the ease 
and completeness with which carbon can be removed from steel 
by heating in an atmosphere of moist hydrogen varies with the 
character of the original steel. This is not surprising when the 
influence of varying quantities of carbide-forming elements is 
considered, but we believe that the quantity of oxygen present has 
a marked influence in this connection. Figs. 2(6) and 2(c), cited 
by Dr. Fell as confirmation of his own results, were intended merely 
to show, as was expressly stated in the paper, the influence of 
exceptionally fast loading in an Amsler machine on the character 
of the autographically recorded stress-strain curve. With normal 
rates of loading no yield point was obtained, see Fig. 2(a). 

Regarding the influence of minute quantities of carbon, it ma 
be remembered that Pfeil ? found that a residual amount of 0-0025% 
of carbon produced noticeable effects on the ageing properties of 
decarburised iron, while Jay® has calculated that even 0-0002% 
would be sufficient to produce a cementite network, which pre- 
sumably would affect the physical properties. 

_ In that the constitution of Duralumin complies with the con- 
ditions stipulated in our theory, it might be expected that this 
alloy should show a yield point similar to that found in iron. That 
it nearly does so is indicated by its showing what have been de- 
scribed by Dr. Fell as a series of yields, and also by the similarity 
of its serrated stress-strain curve to that of iron tested in the blue- 
brittle range. We reaffirm our belief that, under certain conditions 
of heat and mechanical treatment and of temperature of testing, 
Duralumin can be made to show a yield point similar to that of iron. 


oe as Iron and Steel Institute, Carnegie Scholarship Memoirs, 1937, vol. 26, 


5 Journal of The Iron and Steel Institute, 1928, No. II., p. 167. 
Journal of The Iron and Steel Institute, 1940, No. IT., p. 229 Pp. 
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TESSELLATED STRESSES.—PART I.! 


By Dr. F. LASZLO (ENGINEERING ScHOOL, UNIVERSITY, MELBOURNE, 
AUSTRALIA). i 


SUMMARY. 


__Anisotropy of the single crystals of most materials and the 
differences between the bulk physical properties of the components 
of compound solids readily cause internal self-compensated stress 
systems to develop round such centres as crystals or components 
of the compound structure, respectively. These self-compensated 
stress systems are called ‘‘ tessellated stresses.”’ 

It is shown how to determine the order of magnitude of stresses 
due to crystal anisotropy. Those caused by differences in bulk 
properties are carefully investigated by the statistical application 
of the theory of elasticity. 

A discussion is given of their influence on iron and steel, and 
some problems connected with other solids are mentioned. 


GENERAL CONSIDERATIONS. 


Most of the physical properties of single crystals of many materials 
vary with the crystallographic direction in which the properties are 
measured, but a body which consists of an aggregate of crystals with 
random orientations may be considered to be a quasi-isotropic body. 
When such an aggregate is subjected to “ body-stresses,” or to a 
change of temperature, a system of self-compensated “‘ tessellated 
stresses’? becomes superimposed on the body-stresses. The body- 
stress may be either an internal stress or the stress caused by an 
external load. 

The magnitude and orientation of the local principal tessellated 
stresses depend on the orientation of neighbouring crystals, and 
their investigation would involve questions of probability. They 
must lie between certain maximum and minimum values, depending 
on the space configuration of the physical properties of the crystal.? 

Tessellated stresses also develop in solids that consist of, or 
transform into, components which have different physical properties. 
Such stresses are called “ structural tessellated stresses ” to distin- 
guish them from stresses due to anisotropy. = ; 

For bodies or portions of bodies which are quasi-isotropic from 
the structural point of view, the exact treatment becomes a very 
simple question of statistical investigation. If, however, the com- 
ponents of the structural tessellation are individually anisotropic, the 
maximum possible fluctuation of stress due to crystal anisotropy 
for a particular component must be superimposed on the stress 

i F 

2 eet aw. oe “ Kristallplastizitat,” Fig. 154. Berlin, 1936 : 
J. Springer. 
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found from the structural investigation. In some combinations, 
body-stresses, too, must be superimposed. 

If tessellated stresses develop uniformly over the whole of a body, 
no body-stress effect can be involved. If they are confined to 
portions of a body, and are accompanied by a non-negligible change 
in volume, the body as a.whole is subjected to certain body-stresses 
and strains. 

In general, tessellated stresses form three-dimensional systems, 
and their investigation by direct measurement would involve great 
difficulties. For example, for stress measurements by X-ray 
diffraction methods it would be necessary for portions of the free 
surface of about 0-01 in. dia. to have nearly uniform values of 
tessellated stresses. Most metals are fine-grained, however, so that 
even structural types of tessellated stresses would not be revealed 
by X-ray diffraction. For this reason, all the subsequent discussion 
is based exclusively on the theory of elasticity and practical ex- 
periences. 

In scientific publications on the physics of solids not much 
consideration is given even to the existence of tessellated stresses. 
Only vague references to internal stresses may occasionally be 
found. 


List oF SYMBOLS AND SOME DEFINITIONS. 


It will be convenient, and helpful to the reader if a complete list 
of symbols and definitions be made at this stage, although the 
definitions are explained more fully later : 


d,, d, = thickness fractions of the two laminated components—see Fig. 1. 

Uy, Ug = volume fractions of the two laminated components—see Fig. 1. 

Vj, Vo = Volume fractions of the inner and outer components of a compound 
sphere—see Fig. 2. 

wW;, W, = volume fractions of the inner and outer components of a compound 
cylinder—see Fig. 2. 

: (dy + dg, Uy + Ug, ¥; + Uo, Wi + WwW, each equal 1.) 

y = volume fraction of cavities in a solid. 

rj, 7, = inner and outer radii of the outer component of a compound sphere 
or compound cylinder. 

@,, 4, = linear coefficients of thermal expansion of the two materials forming 
a laminated slab—see Fig. 1. 

a;, a = linear coefficients of thermal expansion of the inner and outer 
material of a compound sphere or a compound cylinder—see Fig. 2. 

t = increase of temperature (positive). 

A = fractional increase of volume accompanying a phase change. 

H = Young’s modulus of elasticity. 

m = reciprocal of Poisson’s ratio. 

hin do = stresses in the components of a laminated slab. 

a, fa,o = axial stresses in the inner and outer components of a compound 
cylinder. 


Si, oj fi, os = tangential stresses in the outer component at j and s, respectively 
—see Fig. 2. 

p = radial stress at the surface of contact of the two components in a com- 
pound sphere or a compound cylinder, and is also the tangential stress in 
the core of a compound cylinder and sphere. 
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vA 1 AeA 
Fryea =f’ — me f’ +f), where f’, f”, f’” are the principal stresses at a point 


and f’ >f”>f”. This is termed the ‘‘ maximum reduced tensile 
stress’ at the point. It is evidently proportional to the maximum 
principal strain imposed on the material at that point, and is used as 
an index of the danger of crack formation in brittle material. 

trea = double the maximum shear stress at any point, and is given by the 
largest difference between the principal stresses at that point. It is a 
safe criterion of the danger of plastic yield of a ductile material, when 
compared with the yield strength of the material in plain tension. For 
both a compound sphere and a compound cylinder, the greatest value 
of f,.@ occurs at the inner surface of the outer shell, and for components 
having equal elastic constants it is : 


mE 
Srea,oi = Sno —P = 7 —G Go— alt = + 2 + + + (A) 


It is assumed that the expression (A) would also represent the maximum 
value of f,.q in a laminated slab, provided that the stress calculations 
could be made accurately. Consequently : 
se is t d the “yield ie 
eae | are (a,—a,)t is terme e yield potential of 
tessellated stresses. 


1¢ Ae : 3 
is termed the ‘‘ characteristic factor of stress relaxation.” It is shown 


(@,— %)é or 


m— 


that if the elastic constants of the two components are the same, the 
stresses in compound cylinders and laminated slabs are reduced in this 
proportion when they cut the surface of the body. It is then assumed 


that the same factor applies to compound spheres too. 
€1> €2, By» Bo, Bs = Symbols to represent mathematical expressions which are 


given in the text. ; 
Vp Yor Ye = Aensities of ferrite, graphite and cementite. 


f1, fer = the stresses in ferrite or cementite lamelle of pearlite in hypo- or 


hyper-eutectoid steels. 


Sign Convention.—If a rise in temperature and an increase in 
volume accompanying a phase change are called positive, the sign 
convention is such that positive stresses are tensile and negative 
stresses are compressive. It is, of course, unnecessary to attach any 


meaning to the sign of f,.4 values. 


TRSSELLATED STRESSES DUE TO CRYSTAL ANISOTROPY. 


The correct calculation, based on the theory of elasticity of 
crystals, and on the determination of groups of crystals such that 
tessellated stresses developed have maximum and minimum values, 
will not be attempted here; only the simplest estimate of their order 
of magnitude will be made. 

(1) Effect of Body-Stresses—The maximum and minimum 
values of the modulus of elasticity H of an iron crystal are 
41-2 x 10° and 19-2 x 108 Ib. per sq. in., respectively.t_ For 
mathematical simplicity, the following assumptions will be 
made, though most of them are not at all compatible with the 
elastic features of the crystal under consideration : 

1 W. Boas, Journal of the Institution of Engineers, Australia, 1940, vol. 12, 
pp. 147-152, Tables I. and III. 
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(a) An aggregate of iron crystals is subjected to homo- 
geneous tension. 

(b) The crystals are not at random, but have either of 
two definite orientations, i.e., such that EH has either a 
maximum or a minimum value parallel to the direction of 
body-tension. : 

(c) The volume fraction! of the crystals arranged in 
these two ways is such that the modulus of elasticity H of 
the aggregate in the direction of the body-tension is equal 
to that of a random aggregate of iron crystals, 2.e., 30-5 x 
108 lb. per sq. in. 

(d) Crystals of each of the two groups are arranged to 
form minute prisms parallel to the direction of the body- 
tension, so that planes at right angles to this direction will 
be intersected at random by the two types of prisms. 

(e) The lateral strains of the two types of prisms are 
equal. The tessellated stresses are then found to be : 


S) ee « 
100 x ae = + 35% and 
19.9 0-5 bere tee 
100 x ae oe eg =>— 37% 


of the actual primary tensile stress. 


(2) Effect of Temperature Change.—Another cause of tessel- 
lated stresses due to crystal anisotropy is the variation of the 
coefficient of thermal expansion with direction. A rough cal- 
culation will be made to give the order of magnitude: of the 
maximum and minimum values of such stresses in zinc. The 
following arbitrary assumptions will be made : 


(f) All crystals are orientated to the direction of 
observation in either of two particular ways, 7.e., such that 
the stresses in them caused by any change of temperature 
are a maximum or a minimum in the direction of 
observation. 

(g) The volume fractions of the crystals with each type 
of orientation are such that the coefficient of thermal 
expansion of the aggregate in the direction of observation 
is identical with that of a random aggregate of zinc 
crystals, 7.e., 30 x 10-§. 

(h) As in (d), but with the direction of observation 
substituted for the direction of the body-tension. 

(7) As in (e). 

_ _The calculation, based on statements from the literature,” 
indicates that a rise in temperature of 1° C. causes the develop- 
* Volume fraction = ;4, x (volume percentage). 


* Schmid and Boas, loc. cit., p. 23, equation 10/4; 109s equation Sails 
P. 200, Table 18; pp. 202-203, Table 20. Wei tee hie ele 7 
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ment of a maximum tensile stress of 274-5 Ib. per sq. in. in 
minute prisms built up of crystals, the hexagonal axes of which 
make angles of 90° with the axes of the prisms, and of a maxi- 
mum compressive stress of —173-5 lb. per sq. in. in the conjugate 
system of minute prisms, the crystals of which make an angle 
of 17° 20’ in thé sense mentioned above. Tessellated stresses 
of this type develop independently of any other stress system. 

Tessellated stresses due to crystal anisotropy are, in random 
aggregates, interwoven over the body, and are not self-com- 
pensated over single crystals or definite groups of crystals, 
though each single crystal may be considered as the centre of an 
individual stress system. Fragmentation of the body does not 
affect the tessellated stresses in the interior of the fragments. 
The surface layers both of a large body and of its fragments are 
affected by ‘surface intersections’ in such a way that the 
tessellated stresses are reduced. The stress system is of a very 
complex nature if the body consists of crystals at random. 

(3) A third type of tessellated stresses, due to crystal 
anisotropy, is that involved in magnetostriction; this, however, 
will not be considered further in this paper. 


The effects of tessellated stresses due to crystal anisotropy on 
the properties of the body are manifold, e.g., it is well established 
that there is a great reduction of hysteresis losses if the crystals of 
transformer-sheet metal are orientated parallel to each other and in 
the direction of the alternating magnetic flux. 

There is little definite known about the order of the effect of 
tessellated stresses of the first two types on the physical and physico- 
chemical properties of materials. In this connection, four phenomena 
of technology, viz., yield, formation of cracks, fatigue and corrosion, 
suggest themselves for investigation. A's to yield, since the volumes 
subjected to the maximum value of such tessellated stresses are 
minute and scattered, there may be little detrimental effect. The 
other three phenomena deserve attention in future research, the 
respective properties of random aggregates being compared with 
those of more or less parallel-orientated aggregates, both being of 
fairly equivalent grain size. 


TESSELLATED STRESSES OF STRUCTURAL TYPE. 


, One type of structural tessellation may be idealised such that 
the body is considered to consist of laminated slabs, arranged with 
random orientation, the surface area of the lamelle of each slab 
being large relative to their thickness. 

If the feature of the structural tessellation is that one component 
is embedded at random in the other, viz., the matrix, the latter should 
be imagined to be intersected at points equidistant from malar hour: 

1943—i 


178 P LASZLO: TESSELLATED STRESSES.—PART I. 


ing embedded components, which are supposed to be equal in volume. 
(The embedded components may be either homogeneous or com- 
pound units of a primary system.) The fragments obtained by the 
intersection should then be assumed to be replaced by the best 
compound sphere or compound cylinder of the same volume.t The 
statistical calculation is not affected by the actual dimensions of the 
units of the structural tessellation, obtained as above, but only by 
the statistical ratio of the dimensions of their components, which is 
expressed most suitably for the subsequent calculations by the 
volume fraction of the components of tessellation over the whole 
body or the portion of it under consideration. 


Fiq. 1.—Lamellar Slab. Fie. 2.—Cross-Section of a Spherical 
or Cylindrical Unit. 


Fig. 1 shows a laminated slab consisting of components marked 
land2. The ratio of their volume fractions is equal to that of their 
thicknesses. Fig. 2 shows the core and shell of either a spherical or a 
cylindrical unit of tessellation, and the subscripts 7 and o will be 
used to distinguish the inner and outer material. 

The volume fraction of the components, and, of course, of the 
portion of the body under consideration, are related as follows : 


Uj,2U,: 1 = 7;8: (7,8 — 27;5) : 7,8 for the compound sphere, 
Wi We: 1 = 7;?: (7, — 7;°): 7,2 for the compound cylinder. 


ne at : certain Meee a compound units of tessellation be free 
rom stresses, and the temperature be changed by #° C. - 
tural tessellated stresses develop. : eee 

For laminated units, the correct calculation of their val id 

- ue would 

be fairly complex. It will, therefore, be assumed that direct stresses 
develop only in the planes of the lamell, and are constant over the 
thickness of a lamella and the-same for every direction in the plane. 


This assumption hardly interferes with the isti 
the results. statistical accuracy of 


1 The most attractive proposition of a compound ellipsoi i 
we i ipsoid as t. 
unit will not be discussed, because of its matheinatiial Cota ueee! ant ae 
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The stresses developed in laminated units under these conditions 
are : 


ee Ey Egy he all 
f= ce eae? SO Sundueete decid) 


ae Ene Uy 
Sa Figs ay Ct a) ae Se 
mE 
m — 1° 


where e— 


' If the elastic constants of the two components are the same, i.e., 
iff = fF, =f, andm=m,=m,: 


fiw ES ea, Zagt COU en eee (1) 


fe= 


mo] Ut — aadt eo sles, te (le) 

For compound spheres the problem can be completely solved by 
an elementary application of the theory of elasticity. In this case, 
the core portion 2 is subjected to hydrostatic strain by the radial 
stress p at the junction of the outer shell with the core. Two prin- 
cipal stresses of the outer shell, 7.e., those at right angles to the radius 
vector, are equal. They have a maximum magnitude f,,; at 1, 
and minimum magnitude f,,,, at 7,, 7.e., at the junction of the com- 
ponents and at the outer surface, respectively. The third principal 
stress of the outer shell is radial, and is equal to p at 7;, and zero 
at r,. The stresses in the compound sphere are as follows : 

1 

i= el ee 1 Fi ay ta at 

Ines « a, me mH, i mH; 

— 2, 
= 1 5 20,1 t, of 


Pp 


2v 
= By, foo 
2u, ¢ 
= “3 Svea, 0} GS EN Be iY ee oa MCD) 


and if # = #, = LH; m =m, = m;: 


2v 
=a Sveti + A AERA. ST ar ee oer ( 2a) 


The problem of compound cylinders is again very complex, and 
an attempt should be made to obtain the correct solution by first 
solving the problem for the compound ellipsoid of revolution. For 
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simplicity’s sake, it will be assumed that the axial stresses of each 
component are uniformly distributed over their respective cross- 
sectional areas, and that the axial, radial and tangential stresses are 
principal stresses; also the question.as to the ends of the cylinder 
will be neglected. Neither of these arbitrary assumptions will 
noticeably affect the statistical correctness of the results and 
inferences. 

Both the tangential and radial stresses of the core of a compound 
cylinder are invariably equal to p, the radial stress at the junction 
r, of the two components. The stresses of the compound cylinder 
are found to be : 


B, + B 
P= BBs — 2p — Ht 
— Wo 
= T+ we ‘ — 
— We 
= 20, dios 
We 
= “a Srea, oj ¢ . . . . . . . . . . . . (3) 
B Bo + 1 —W, 
Sa, i . e BBs es Be 3 z:) (a — a)t = W; Yass wees 
mm — 1 1 i a Uy; 
US ir mH; MH» WH 
B 3 i UW; 
2 mH; * wm, 
1 Uz 
Bo Hy telly 
If H = HE, = H,, andm = mm, = ™;: 
mE 
P= time 1 Wo(A — aj)t 
= —Wo 
3 14 wt cage Dw, Jee 
Wo a, 
‘< =) Fred, oj — ta 
— Wo 
25 Qu, Ja = reas ee a ea 
The value of fiz; = (fa; — _p) is invariable over the whole core 


cylinder, and is consequently marked with one suffix 7 only. 

The linear coefficient of the apparent thermal expansion of such 
compound units equals the sum of the linear coefficient of thermal 
expansion, @,, of the outer component and the elastic strain per unit 
change of temperature at the outer surface of the unit. If the 
components have the same elastic constants, the bulk coefficient of 
linear thermalexpansion is the same, in terms of the volume fractions, — 
for all three units of tessellation considered, and is invariable with 
direction, e.g. : 

C= Uji 0503 -4sbt. ak Pea eee ee (4) 
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for the compound sphere. Ifthe elastic properties of the components 
are different, the coefficient of thermal expansion of a tessellated 
body as a whole is not exactly equal to the fractional combination 
of the individual coefficients of its components. 

If the elastic constants of the components are the same, double 
the maximum shear stress, f,,7,.j, in the outer shell at 7; is given by 
the same expression for both the compound sphere and cylinder. 
Its independence of the volume fraction is noteworthy. It may be 
assumed that the correct calculation for laminated slabs would lead 
mE 
m—1 ( 
therefore be considered as the yield potential of tessellated stresses. 
The product (a, — a;)t obviously ought to be termed the strain 
potential of structural tessellation, which is independent of the 
elastic properties and strength of the materials involved. It seems 
to be advantageous, for several reasons, to concentrate attention on 
the actual yield potential, not on the strain potential. 

Units of tessellation at the outer surface of bodies are to be 
considered as intersected by the free surface and more or less relieved 
from their tessellated stresses. While all possible types of inter- 
section are liable to occur with statistical frequency, consideration 
of certain characteristic modes of intersection may sufficiently 
indicate the order of possible tessellated stresses in the free 
surface. 

If laminated units are intersected at right angles to the plane 
of the lamellae, the stress in the surface is relieved so as to reduce 
the stress system to a one-dimensional case, and ZH is to be substi- 
tuted for « (i.e., mH/(m —1)) in equations (1) and (la). With 
components having the same elastic constants, (m — 1) |m 
accounts directly for the stress relaxation, and is called then the 
“ characteristic factor of stress relaxation.” It is equal to 0-7 for 
steel. 

The calculation of the relaxation of the stresses in compound 
spheres would require too much mathematical effort, and will not 
be performed. To determine the stress relief in compound cylinders 
intersected by the free surface at right angles to their axes, consider 
that f,,; = fa, = 0 in the surface layer; hence : 


also to the same result. This value of ret, = a, — a,)t may 


je el Oe ee 


WwW, 
a “a Sred, of 
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and for equal elastic constants : 
E 
Pe ZF Wolo — a,)t 
—— Wo 
=TP ui 


WwW, 
= Baa, Joos 


Ww, 6 
= one Jeon jp coe . . . . . . . . (5a) 


On comparing equation (5a) with equation (3a), one sees that, when 
the components of the compound cylinder have the same elastic 
_ constants, the characteristic factor of stress relaxation is the same 
for laminated slabs and compound cylinders, viz., (m — 1)/m (equal 
to 0-7 for steel). Consequently, it is suggested that the same factor 
of (m — 1)/mshould be applied to elastically homogeneous compound 
spheres. The elastic relaxation, by intersection at the surface, of 
compound spheres with components having different elastic con- 
stants may be indicated by that of a compound cylinder having 
components in the same proportion. 

Structural tessellated stresses may develop in solid units for 
reasons other than those considered above, e.g., owing to a phase 
transformation at constant temperature of one of the components 
only, accompanied by its change in volume by the fraction A. In 
accordance with the sign convention, the following substitution 
should be made in equations (1) to (3) : 


seks Mat 
(a) == = 
A = 
(a, — a)t = = = opel euiniiegat 


The phenomenon of the separation of gas in solid bodies and its 
concentration under high pressure in minute cavities of the bod 
suggests the discussion of hollow units of tessellation. The body as 
a whole, or its affected portion, is to be considered as intersected at 
points equidistant from neighbouring cavities, the latter being 
assumed to be of equal volume. The fragments are re-shaped to 
form thick-walled spherical shells, corresponding to Fig. 2 with a 
hollow core of radius 7;._ If an internal pressure p develops in such 
ses the stresses of the shell are connected with the internal pressure 
as follows : 


l1—y l—y 1 — 
P= TF ay ad = — Gye awe = EE Batt «> + 


where y denotes the volume fraction of the cavities in the body. 


Specific volume of new phase\4 : 

é Specific volume of old phase ) mas eC se 
‘indebted to Mr. T. F. Russell (English Steel Corporation, Ltd., Sheffield) for 
this improvement, and also for its application to all calculations concerned 


ee phase transformation that were made by the author on the less accurate 
asis. 


1 More accurately, ( 
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Stress concentration at surface irregularities of the cavities is to be 
added to the above values of the stresses in given cases. 

If the separation of the gas takes place at a suitably low rate, all 
voids are exposed to the actual pressure potential of the process. 
With increasing rate of gas separation, the temporary pressure in the 
voids tends to develop proportionally to the ratio of the surface area 
to the volume of the void. 

If voids are intersected when surfaces are machined, these voids 
are released from internal pressure, and the tessellated stresses of 
such surface units vanish. High internal pressure alone may rupture 
the voids and so relieve the stress in units which lie near the surface 
but are not intersected by it. A certain portion of the surface layer 
may, because of the internal pressure, be subjected to a process 
similar to the plastic expansion of a spongy material, 7.e., it may be 


3 A 4 
Carbon. %. 


5 6 re 67 


a at~ 239/0 
ra phe am 
i 
A ee 
eos Fred.of- 
rrerrerrrrerriiegs perreires ts Srrrriirer rer rei 71730 


Fig. 3.—Tessellated Stresses, lb.per sq. in., in normalised steel. 


expanded outwards in a direction at right angles to the surface. 
This may cause body-stresses too. 


TRON AND STEEL. 


Only plain alloys of iron and carbon will be discussed. Their 
elastic SR ree approximately the same," i.¢., # = 30 x 10° 
Ib. per sq. in. and m = 10/3. On applying equation (4), in com- 
bination with the least-square method,? to the bulk coefficients of 
thermal expansion of steels of 0-06—1-67% carbon content,? the 


1 fF. T. Sisco, ‘‘ The Alloys of Iron and Petes vol. II., ‘‘ Properties,”’ 
. 583. New York, 1937: McGraw Hill Book Co., Inc, f 
si 2 The author is indebted to Miss HE. B. Alexander, M.Se., for this 
calculation. 
3 Sisco, loc. cit., p. 575, Table 97. 
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individual coefficients of thermal expansion of iron and cementite of 
commercial purity are found to be : 
ay = 14-98 x 10-6 
and (ied ir Tah Way ee 
respectively. 

Fig. 3 shows the calculated ! stresses which develop in normalised 
steel for a drop of temperature from 700° to 20° C., t.e., of 
t = — 680°C. 

Steel of eutectoid composition is considered as a laminated slab 
and, from equation (la), the stresses in the ferrite and cementite 
lamelle are found to be + 10,450 and — 71,730 lb. per sq. in., 
which we can designate f, and f,, respectively, 7.e., these are the 
values of f,, and f, for a 0-83% carbon steel. For hypo- or hyper 
eutectoid steels the pearlite grains are treated as though they were 
the cores of compound spheres, the outer shell of which is either 
ferrite or cementite, respectively. The stresses in the outer shell 
are calculated by equation (2a), and the relevant stresses are then 
suitably combined with those already present in the pearlite core to 
determine twice the shear stress on the ferrite lamella, f,,a,,, and 
on the free ferrite, f,.,.;, and the stress’ corresponding to the greatest 
strain on the cementite lamellx, F,,;7,, and in the free cementite, 

1 The volume fractions concerned, and the coefficients of thermal expan- 


sion of the metallic matrix of a combination of graphite, cementite and iron 
are the following : 


C = weight fraction (= 4, X weight percentage) of total carbon; 
g = weight fraction of graphite ; 
c = weight fraction of carbon in cementite (= 0-0667) ; 


p = weight fraction of carbon in pearlite eutectoid (= 0-0083); 
yy = 7-864 = density of iron; . 
Yg = 2:25 = density of graphite; Ye = 7:67 = density of cementite; 
no=o. 2; n, = “ve, 
tei vy 
east le vol fracti f tite i 
aes erm: fit ume fraction of cementite in steel; 
ras = volume fraction of cementite in pearlite ; 
Cn+n : dal A 
ae he = volume fraction of pearlite in hypo-eutectoid steel; 
[my — (1 — ng)C] . [my + gp] 
= volume fracti f ite i : 
[My = CL — Male) [i ea] eutectoid steal: ee 


n(1 — 
a gg = volume fraction of graphite 
[n,(1 — g)? +n (CO — g)%@ +n (1 — g)g in a combination of iron, 
vs cementite and graphite. 
n(1 — g)* — (1 — n,y)(C — g)]a C— : 

[r( 9) =" 4 — ae = om s ( G)e __ linear coefficient of ther- 
1 2 g mal expansion of the 
metallic matrix of a 
combination of iron, 
graphite and cemen- 

tite. 
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F ea,oj- Under the assumptions made, it is found that when the 
stress p at the junction of the components of this spherical system 
is superimposed upon the stresses of the “free ’’ laminated slabs 
2.e., the stresses in the ferrite and cementite of a eutectoid steel the 
result is that : 


(1) ft,.; of a ferrite matrix is the resulting stress f;, of ferrite 
lamellee. 
(2) frea,oj OF a ferrite matrix is the f,,.q,, of ferrite lamelle. 
(3) f:,.; of a cementite matrix is the f, of cementite lamelle. 
(4) F,.a,.; Of a cementite matrix is the F,,q. of cementite 
lamelle. 
All the stress values, except F',.g, are therefore obtainable from 
equation (2); the fq values are obtained by combining principal 
stresses as already described. 


Fig. 4.—Tessellated Stresses, lb. per sq. in., in spheroidised steel. 


The value of f,.q,1 is independent of the volume fraction, 4.e., it 
is independent of the carbon percentage, and its magnitude of 
10,450 lb. per sq. in. guarantees that plastic deformation of ferrite 
would not occur in normalised steel. While F',.a,<2 = Prea,oj Increases 
to the value of + 62,170 lb. per sq. in. when the carbon content 
reaches 6:67%, this reduced tensile stress is moderate enough at any 
high commercial carbon percentage for there to be no danger of the 
formation of cracks in the brittle cementite of normalised steel. If, 
however, the normalised steel is subjected to external tensile stresses, 
the formation of cracks in the cementite is encouraged by the locked- 
up reduced stress F,oq, «1: 

The tessellated stresses of spheroidised steel, corresponding to 
the same drop of temperature of 680° C., are given in Fig. 4; they 
were calculated for a plain spherical system with a cementite core 
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and a matrix of ferrite. The brittle cementite core is always under 
a hydrostatic pressure p such that its reduced “tensile” stress 
F,,q,¢ is compressive, increasing from — 21,820 to 0 as the carbon 
content increases from 0 to 6-67%. The yield potential of the 
ferrite matrix is independent of the carbon percentage, and its value 
Srea,oj = 82,180 indicates that the ferrite matrix of spheroidised steel 
certainly yields during cooling down, thus relieving also the stress 
in the cementite core. The degree of plastic yield can scarcely be 
estimated, since the ferrite may exhibit a certain super-elasticity 
under the actual stress concentration at r;. The plastic yield of 
the ferrite matrix is limited, at low and medium carbon concen- 
trations, to a thin internal layer of the spherical shell.1 Since 
Fred,os = ft,0s, there should be more than 2% of carbon in the steel, 
giving fred,os equal to about 25,000 Ib. per sq. in., in order to cause the 
ferrite matrix to yield as a whole. 

If plain carbon steel is cooled at such a rate that the pearlite. 
transformation is just not frustrated, the temperature of the trans- 
formation may drop down to 665°C.2 This would reduce the 
stresses shown in Figs. 3 and 4 by not more than 5%. 

If the steel is normalised with a low cooling rate, the stresses due 
to structural tessellation develop about-as gradually as the-yield 
resistance of the material. The ratio of the actual stress to the 
actual yield resistance may, at a certain range of temperature, be 
unfavourably high, and cause a reduction in the final stresses. This 
effect cannot be fully combined with that of quick cooling. 

Possible error in the calculated stresses, due to errors in the 
values calculated for a; and a,, is determined to be — 2:8% to 
+ 3-2%. The results of Figs. 3 and 4 are, therefore, correct to 
within at least + 10%. | 

The characteristic factor of stress relief of surface units is, of 
course, (m — 1)/m = 0-7. J 

Graphite forms either a lamellar or a spherical system of tessella- 
tion with the metallic matrix. The stresses of these systems are to 
be superimposed on those of the matrix, the latter corresponding to 
either Fig. 3 or Fig. 4. The elastic constants of graphite and its 
coefficient of thermal expansion are stated to be: H = 1-194 x 108 


lb. per sq. in§;,. m)< 2-184; a; etree ee *. 10S ce 
3°37 x 10-65 The possible variation of m from 2-18 to 2-0 would 


1 Stodola-Léwenstein, ‘‘ Steam and Gas Turbines,’’ vol. IL., pp. 1082— 
1083 (hole in an infinitely extended plate). New York, 1927: McGraw Hill 
Book Co.,. Ine. 

* §. Epstein, ‘“‘ The Alloys of Iron and Carbon,” vol. L., ‘ Constitution,”’ 
p. 167, Fig. 48. New York, 1936: McGraw Hill Book Co., Inc. 

* Landolt-Bérnstein, ‘‘ Physikalisch-Chemische .Tabellen,” Zweiter Er- 
ginzungsband, p. 25. Berlin, 1931: J. Springer. 

* Landolt-Bornstein, loc. cit., Erster Erganzungsband, p. 24. Berlin 
1927: J. Springer. ; 


5 Landolt-Bérnstein, loc. cit., Zweiter. Erganzungsband, p. 1151. 
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cause the stresses in low-graphi i i 
eee ee graphite spherical systems to be increased 

Grey cast iron will be considered as a special lamellar system 
tessellation such that hydrostatic eke. effects cannot eee 
and two-dimensional stresses are set up in the graphite and the 
metallic matrix, in the planes of the lamelle, according to equation 
(1). The stresses have been calculated for three significant types 
of the metallic matrix, viz., ferrite, pearlite eutectoid and cementite 
and for graphite weight-percentages increasing from zero to 6-67 of. 
The results, for a drop in temperature of 680° C., have been expressed 
by linear equations in terms of the weight-percentage of graphite. 
The error is not more than -+ 2-5% for amounts of graphite varying 
from 0 to 4% by weight. The uncertainty of m does not affect the 
results considerably for lamellar graphite. ‘These results, tabulated 
in the upper half of Table I., show that the stresses to be superimposed 
on those of the metallic matrix are almost negligible, thus indicating 
a great advantage of the lamellar form of graphite in cast iron. 

Temper carbon is fairly spherical in shape. The linear equations 
for the stresses due to a drop in temperature of,'again, 680° C. of 
spherical graphite’ in matrices of iron, pearlite and cementite are 
derived by the above method, and are shown in the lower half of 
Table I. The error is about + 25% over the range of 0-4% of 
graphite. The enormous differences between the yield potentials. 
of lamellar and spherical systems, 7.e., 17,400 as against 130,500 for 
m = 2-18, or 18,850 as against 546,000 for m = 2-0, readily explain 
the trend towards the formation of random lamellz of graphite during 
solidification, and why the resistance to the decomposition of iron 
carbide becomes the more reduced the more thoroughly and in- 
tensively the metallic matrix has been intersected at random by 
graphite lamelle. : 

It appears that numerical considerations would be unreasonable 
in connection with the spherical system until the value of m has 
been definitely ascertained. Greater real stresses cannot develop, 
during cooling, than are compatible with the gradually increasing 
yield resistance of the metallic matrix, the latter governing the 
portion of the strain potential being converted into tessellated 
yield. 
In superposition of the spherical tessellated stresses of Table I. 
on other tessellated stresses of the metallic matrix, either the stress 

a 
Jean ii? i ot mY modified according to the actual redistribution, 
7 
is to be superimposed from the statistical point of view, the former 
being less, the latter probably greater than the effective value. In 
certain special cases, the redistributed value of fi, 18 of significance. 

If cementite decomposes to ferrite and graphite at constant 
temperature the tessellated strain potential is 0-0439. Though the 
process can be realised only at high temperatures, at which the yield 
resistance of the metallic matrix tends to be negligibly small, the 
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reluctance of the metallic matrix to undergo this enormously great 
tessellated strain of tensile character seems to explain why : 


(a) Carbon tends to separate from supersaturated solid 
solution, at moderate temperatures and under normal con- 
ditions, as the unstable cementite. 

(b) Cementite embedded in iron is much more stable than 
it is when isolated. ; 

(c) The graphitisation of malleable cast iron is a more or less 
cumbersome process, inversely to the amount of vigorous 
agitators of decomposition, as silicon and others, present. 


TaBLE I.—Tessellated Stresses, lb. per sq. in., with Graphite, g% by 
Weight, Embedded in a Matrix of Iron and/or Cementite. 


e Matrix consisting of— 
Description. 
Iron. Pearlite. | Cementite. 
‘ =2 = 7-5 
Stress in graphite lamelle os sci 18 4 18880 a fl ae g EP 
Stress in metallic matrix - = rus eee . ; 11-61 
Characteristic factor of stress a ‘ : 
relaxation at surface inter | = 18 tt ee 
sections "9 
Hydrostatic pressure, p, on ead = 
spherical graphite embedded ae Bes 18 see a + ite eee 
in metallic matrix a ’ 1+ 0-0 66 ee 
“hag “PX soo xg || 1125 
01x g “77-61 
Stresses in metallic matrix tt, os —PX>5 ee 
Sred, of Se ee 
Characteristic factor of stress), _ 9.18 enke = . 066 X g oe 
relaxation at surface inter- a aS 2 0-0643 Lares 0:0643 
sections nT ~ 1s 


Furthermore, it should be expected that the graphitisation of 
homogeneous steel would commence in, and tend to be confined to, 
the surface layer, which may increase in volume with the develop- 
ment of least pressure opposing the separation of graphite. 

The formation of cementite by the carburisation of iron involves 
a tessellated strain potential of about 0-0318, having tensile effect 
on the matrix. One reason why cementite is formed is that the 
deposition of graphite would be connected with a tessellated strain 
potential very much in excess of the very great value of 0-0318. 
Since the resistance of the matrix against permanent tessellated 
tensile strains increases towards the interior, it contributes to the 
difficulty of carburising surface layers as they increase in thickness. 

Similar considerations suggest themselves in connection with 
nitriding. 

Effective agitation during the formation or re-shaping of a 
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structural component by annealing may be provided by alternate 
heating and cooling, i.e., pulsating heating. One of the temperature 
limits, the quick change-over frof which to the other develops 
tessellated stresses of agitating character, should of course be such 
that it relieves existing tessellated stresses fairly quickly. 


Hardening of Steel. 


Let us consider a plain carbon steel of about 1-2°% carbon content 
quenched from 750° C. to, and maintained at, about 125°C. After 
a certain time of rest, single martensite needles gradually develop 
at random.! The result may be regarded as core cylinders of «- 
martensite embedded in a matrix of austenite. The specific volumes 
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Fras. 5 to 7.—Tessellated Stresses, lb. per sq. in., due to hardening of steel. 


of the different phases of a plain 0-9% carbon steel are given by 
Sisco 2; those for austenite and u-martensite are 0-1275 and 0-1319, 
respectively. Hence, if these phases be assumed to have the same 
elastic constants, the strain potential is 0-01137 and the stress 
potential 487,290 lb. per sq. in. The stresses are shown in Fig. 5 
plotted against the gradually decreasing volume fraction A of 
retained austenite. As the yield resistance of austenite is a fairly © 
small fraction of the actual yield potential, plastic yielding will take 
place and the whole stress level will be reduced, the more so the 
slower the transformation, as there is more time for plastic yielding 
to occur. 

‘After the transformation has proceeded for a certain time, mar- 
tensite forms a continuous structure like a honeycomb, enclosing 


1 Epstein, loc. cit., p. 177, Wiester’s experiment. 
2 Sisco, loc. cit., p. 570. 
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retained austenite cores of more or less irregular shape. For this 
intermediate stage, which is regarded as a cylindrical system with 
austenite cores and a matrix of fnartensite, Fig. 5 is no longer valid, 
and the character of the stress conditions will now be as shown in 
Fig. 6. At the end of the transformation there is still retained a 
certain amount of austenite approximating to minute spheres 
embedded in martensite.1 Fig. 7 shows the stresses calculated for 
chis condition. Though all three diagrams are completed for 
volume fractions of from 0 to 1 of austenite, they should be con- 
sidered only over the range of what appears to be their possible 
validity. 

Nascent martensite is, no doubt, plastic, with a certain unknown 
yield resistance. During the first phase of the transformation 
(Fig. 5) the yield potential of the austenitic shell remains constant 
at 487,290 lb. per sq. in., and that of the martensitic cylindrical core 
has a maximum value of 243,640 lb. per sq. in., which suggests that 
only the austenite may yield. During the next phase (Fig. 6), the 
yield potential will be constant at 487,290 lb. per sq. in. for the 
nascent martensitic matrix, and a maximum of 243,640 lb. per sq. 
in. for the then existing austenite cores. The yield resistance of 
austenite may be assumed to be of the order of 100,000 Ib. per sq. in. 
at 125° C., whilst no reasonable estimate can be made for that of 
nascent martensite, so it is possible that either or both yield during 
this period. Fig. 7 illustrates that during the final phase of the 
transformation the yield potentials are 0 and 487,290 lb. per sq. in. 
for the retained austenite and the nascent martensite, respectively ; 
thus any plastic yield must occur in the latter. The yield resistance 
Z of nascent martensite therefore governs the finally resulting 
tessellated stresses, which may be indicated by multiplying the 
figures of Fig. 7 by the factor Z : 487,290, although it must be remem- 
bered that f,,,, is reduced by less than f, ,;. : 

It is apparent that during the whole process the retained austenite 
is under great tension due to the tessellated stresses, which could not 
therefore account for the remarkable phenomenon of the retention 
of austenite. 

If the metal is assumed, by some process, to be thoroughly 
relieved from tessellated stresses at some intermediate stage when 
the volume fraction of core cylinders of austenite is A,, (Fig. 6), and 
to complete its transformation to a final volume fraction of austenite 
A < A,,, the resulting stress conditions are characterised once more 


by Fig. 7, if its ordinates are reduced by the factor aa ert 9 Con- 


sequently it is recognised that tessellated stresses due to the mar- 
tensite transformation have an unvarying tendency to complete the 
transformation, thus assisting the effort due to the free energy of 
martensite being less at 125° C. than that of austenite. 

On quenching austenite from 750° to about 125° C., compressive 


1 Epstein, loc. cit., p. 263, Fig. 101. 
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body-stresses of the order of about 100,000 Ib. per sq. in. develop in 
the outer shell, and much greater tension in the core. These body- 
stresses are certainly redistributed, more or less, during a slow 
transformation, since they combine by superposition with the yield 
potential of the tessellated stresses, which is greater. Whatever be 
the rate of transformation and the degree of redistribution of both 
stress systems, the sign of the final tessellated stresses cannot be 
changed by the superposition of the residual body-stresses. 

If the transformation proceeds gradually over subsequent layers 
towards the core of the body, a different system of very high body- 
stresses develops, with tension in the outer shell and.compression in 
the core of the body, according to Maurer, who, however, does not 
consider tessellated stresses. For different reasons, neither of 
these body-stresses seems to be responsible for the retention of 
austenite. 

Since numerous martensite crystals issue from one single austenite 
grain, it may be assumed that the enveloping surface of the bulk of 
martensite crystals will suffer a certain tessellated distortion, setting 
up, in combination with the surroundings of the enveloping surface, 
a special system of tessellated stresses. The individual masses of 
the finally retained austenite are minute, and have such a very high 
ratio of surface to volume that the energy necessary for the initiation 
of that secondary tessellated process may be considered to become ~ 
greater than can be accounted for by the united potentialities for 
transformation. ‘The resistance against tessellated distortion of the 
surface may be an essential factor in the explanation of some 
metallurgical phenomena other than the retention of austenite. 

The urge towards a change of phase due to excessive free energy 
and tessellated stresses increases with a fall in the temperature of 
transformation, %.e., with increasing rate of quenching, and under- 
cooling. The transformation is further accelerated by the more 
concentrated application of the kinetic energy of the nascent mar- 
tensite to the actually retained austenite. ‘The size of a single mass 
of finally retained austenite probably therefore becomes reduced. 

If, however, the process of transformation is accelerated, there may 
not be sufficient time for the process to be so directed that a minimum 
number of minute masses of austenite remains untransformed. 
These opposing efforts seem to explain why there is a certain medium 
degree of undercooling, and corresponding medium rate of trans- 
formation (with plain carbon steel), at which there is a maximum 
percentage of austenite retained. 

While rapid cooling may considerably upset the regularity of the 
three-stage process of tessellation, the order of magnitude and the 
sign of the final tessellated stresses cannot be affected. Increased 
rate of transformation causes the development of an increased 
apparent yield resistance of the materials, and prematurely inter. 
rupts the yield process of austenite, as this ceases when the austenite 


1 E. Maurer, Stahl und Hisen, 1927, vol. 47, pp. 1323-1327. 
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is transformed; thus, the possible degree of yield and the amount 
of redistribution of stresses are reduced. 

Martensite which has passed through its nascent state is brittle ; 
the reduced tension on it has been calculated, and is shown in Figs. 
5 to 7, without the reduction by the unknown factor Z : 487,290. 
Whatever may be the true values of F,,q,; and F,.2,.s, they are the 
high internal stresses which have been very much referred to by 
metallurgists 1 in a somewhat nebulous way, in an attempt to 
explain, among other phenomena, the minute cracks occasionally 
discovered in etched martensite. Their effectiveness in forming 
cracks is greatly enhanced by the suddenness with which they arise. 

Large cracks in martensite are obviously due to body-stresses, 
their nuclei being tessellated minute cracks. This is readily under- 
stood if large cracks occur during hardening. If they occur after a 
more or less extended period of rest after hardening, in the absence 
of corrosion, it may be assumed that some retained austenite is 
spontaneously transformed to «-martensite, or some crystals of 
a-martensite are transformed to $-martensite, thus providing an 
impulse to the formation of large cracks otherwise puzzling. 

The transformation of «- to 8-martensite by tempering at about 
100° C. is accompanied by a tessellated-stress system having a strain 
potential of 0-00944 and a yield potential of 404,570 lb. per sq. in. 
so that, contrary to the case of transformation of austenite to «- 
martensite, the 6-martensite is subjected to tessellated tension and 
the retained austenite to compression by this part of the process. 
The result of the superposition of these two opposing systems of 
tessellated stresses depends on the unknown degree of yield and 
redistribution of stresses occurring during both processes, so the 
discussion must be very reserved. The final tessellated stress on 
the retained austenite ought to be either compressive or, if tensile, of 
a lesser magnitude than before tempering at 100° C., thus removing 
the danger of crack formation initiated by spontaneous transforma- 
tion after certain periods of rest, as assumed above. If the heating 
to 100° C. is carried out very slowly, and therefore uniformly over 
the whole mass, previously developed body-stresses may be more or 
less reduced, owing to the temporary plasticity of the nascent 
6-martensite and its low rate of formation. 

When «- or $-martensite is cooling to room temperature, after 
hardening or tempering, a further system of tessellated stresses 
develops, owing to the coefficient of thermal expansion of austenite 
being greater than that of martensite. (Neither of the latter has 
yet been determined for plain carbon steel of 0-9-1-2% carbon 
content.) This system superimposes some tension in the retained 
austenite, and compression in the martensite, on the tessellated 
stresses previously developed. Since the specific volumes of 
austenite, and «- and @-martensite on which the foregoing calcula- 
tions were based refer to room temperature, the stresses calculated 


1 Epstein, loc. cit., pp. 263-264. 
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for phase transformation include also those due to superposition of 
the cooling stresses from the temperature of transformation down 
to room temperature. 

For tessellated stresses due to steel hardening, the charac- 
teristic factor of relaxation is, at surface intersection, of course 0-7. 


Miscellaneous Problems. 


Compact slag inclusions in iron and steel, 7.e., not including such 
as are formed by the oxidation of the surface of blow-holes by oxygen 
separated during solidification, can be represented as core com- 
ponents of either a spherical or a cylindrical system of tessellation. 
As the physical constants of slag are not known, those of glass will be 
considered. In order to reduce the danger of serious errors, the 
greatest coefficient of thermal expansion and the least modulus of 
elasticity recorded for glass are used in the calculation of tessellated 
stresses around minute slag inclusions, the volume of which is 
considered to be equal to 0, i.e., a, = 8 x 10° and #H, = 8 x 108 
Ib. per sq. in. The ooly statement for Poisson’s ratio of glass was 
found to be m = 4; this will be used for slag. 

Row 1 of Table II. shows the stresses developed in spherical or 
cylindrical tessellation of slag with iron, due to a temperature drop 
of 680°C. For steel the figures are to be reduced by a factor 

a — 8 x 10-6 
(14-98 — 8) x 10°® 
expansion of the steel under consideration. In both cases the slag 
is under compression, so that no reduced tension develops in it at all, 
and the slag is not affected by the stresses. The yield potential, 
Srea,ojs acting on theferrite is so high that local yield and redistribution 
of stresses seem to be inevitable. 

When steel is hardened, the slag cools down in austenite. If it 
be arbitrarily assumed that the average coefficient of thermal 
expansion of austenite with 0-9% of carbon is 17 x 10° for the 
range 20-700° C., then the tessellated stresses developed on cooling 
through this range are as shown in row 2 of Table II. The drop of 
680° G. is certainly greater than is normal in practice. Its con- 
sideration facilitates comparisons with other calculations in this 
paper. It does not matter what fraction of these stresses really 
develops; there is no doubt that the inclusions cause high tessellated. 
tension on the surrounding austenite, and prove to be most efficient 
nuclei for the transformation of austenite to any other phase, be- 
cause this is always accompanied by volume expansion. If trans- 
formation to «-martensite follows the temperature drop, the stresses 
of row 3 result. In spite of many uncertainties regarding physical 
constants, yield and relaxation, it is apparent that the slag is sub- 
jected to such a tension, Fiyeq,i, that it may crack and/or lose its 
bond with the matrix. The réduced tension, F,,q,.;, acting on the 
marténsite matrix seems to be less than is necessary for crack 
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formation, probably even f,,,.; is not high enough to cause the 
nascent martensite to yield. If its bond with the matrix does not 
fail, slag is also an efficient nucleus for the transformation from «- 
to ®-martensite, which reinstates compression in the slag and 
tension in the metallic matrix, as shown in row 4. 

__ Austenite frequently contains minute spheres of ferrite or cement- 
ite that either have not gone into solution during heating or have 
separated after the heating was stopped. For these minute spheres 
v; can be put equal to 0 in the equations for compound spheres. 
Table ITT. shows the tessellated stresses around such nuclei. Minute 


TaBLE III.—Tessellated Stresses, lb. per sq. in., around Minute 
Inclusions of Ferrite or Cementite. 


Spherical Inclusions. 


Row. Description. 


Srea, oj: Fred, 0f- 


tt oj: 


it Minute ferrite in austenite, | — 39,250 | + 19,120 58,370 
temp. drop by 680° C. 

2 Matrix subsequently trans- | +281,950 | —140,980 | 422,930 ise + 366,540 
formed into a-martensite p 

3 Matrix finally transformed | + 12,340] — 6,170 18,510 ann + 16,040 
into B-martensite 

4 Minute cementite in austen- | — 94,810] -+ 47,400| 142,210 — 37,920 
ite, temp. drop by 680° C. 

5 Matrix subsequently trans- | +226,390 | —113,190 | 339,580 +90,560 | +294,300 


formed into a-martensite 
Matrix finally transformed | — 43,220] + 21,610 64,830 —17,290 | + 28,090 
into B-martensite 


spheres of cementite seem to be very vigorous agents of transforma- 
tion. Since correction for the plastic yield of nascent martensite 
cannot be made, the figures of Table ITT. are once more of qualitative 
value only. The minute spheres of ferrite and cementite behave in 
connection with the transformation of austenite to «- or B-martensite 
just as slag does. The probability of tessellated stresses breaking 
up the bond between «-martensite and minute nuclei of cementite 
is less than in the case of slag. It is, however, noteworthy that the 
loss of blocks of cementite during the preparation of micro-test- 
specimens sometimes causes trouble, though like difficulties with 
slag are occasionally much greater. 

The characteristic factor of stress relaxation at surface inter- 
sections is 0-71 in connection with slag, and 0-70 in other cases. 

Tessellated stresses of structural type have a considerable 
influence on many properties of, and phenomena observed with, 
solids. Tessellated stresses and minute plastic strains in the in- 
terior of a body seem to be connected with crack formation, to 
provide the nuclear effect for transformation and to promote re- 
crystallisation and precipitation. The tessellated stresses at a free 
surface require further attention, since the relaxation on the whole 
is only moderate, and they must exert some influence on corrosion, 
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especially the grain-boundary type, and on fatigue. As to the 
latter, it has been extremely puzzling that the most carefully made 
surface of best purity steel proved deficient even in the absence of 
corrosion. This is revealed by testing in alternating tension and 
compression steels suitable for either case-hardening or nitriding, 
with their surface layer in the unhardened condition and in the 
hardened condition. Though tessellated stresses are reduced in 
intersected units, it may be assumed that the presence of these 
intersected units would have the effect of a detrimental singularity, 
and be responsible for this phenomenon. 

Though the only questions discussed have been concerned with 
iron and steel, tessellated stresses appear to have a great influence 
on nearly all solids. Related problems seem to be certain effects of 
grain-boundary segregation in otherwise homogeneous metals, the 
peculiar weakness against selective corrosion of « + 6 brass, the 
influence of small portions of heterogeneous components in austenitic 
steel or in different aluminium-base metals, the whole process of 
growth of cast iron and even that of tin pest. The position is similar 
with regard to many phenomena of non-metallic solids, e.g., that of 
the sulphur-unsoundness of concrete, the effect of repeated changes 
of temperature on ceramics, and others. 


Hydrogen in Steel. 


If flake formation takes place during cooling at a possibly small 
but still effective rate, it is to be assumed that the actual pressure 
potential p of the separating molecular hydrogen is uniformly 
applied to all voids, the volume of which is negligible, 7.e., y = 0. 
The pressure potential, e.g., in a steel with carbon 0-01%, nickel 3-1% 
and chromium 2-6%, has values of p = — 640, — 5,430, — 62,000 
and — 570,000 lb. per sq. in. for weight percentages of hydrogen of 
0-0001%, 0:0003°%, 0-001% and 0-003%, respectively, all at 200° C., 
at about which temperature the formation of flakes occurs.t Though 
the bulk percentage of hydrogen in steel of standard quality ? is 
usually less than 0-001%, it is probable that hydrogen has a much 
greater local concentration in the dendrites,! and the correct calcula- 
tion should consider the pressure potential due to that increased 
weight percentage. 

From equation (7), fi,o; = — 43D, fred.o) = $P; and Fao; = — 0-65p, 
which are all distinctly different from what has previously been 
considered, viz., that the stresses in the surrounding metal are equal 
to the pressure potential p.1_ The above stresses may be substantially 
raised by stress concentration at irregularities in the shape of the 
voids and/or by tessellated stresses due to reasons other than gas 
separation. 

The formation of typical flakes is apparently an explosion-like 


1 H. Bennek, H. Schenck and H. Miiller, Stahl und Eisen, 1935, vol. 55, 
pp. 321-328. 


* Epstein, loc. cit., p. 8. 
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process, since the cracks are accurately flat and circular ; their size is 
incomparably greater than that of the greatest possible voids, and, 
while their position is confined to segregated portions of the body, 
the orientation of the plane of the cracks is not distinctly controlled 
by that of the dendrites. It is not clear why even a great internal 
stress should cause such “‘ explosions ”’ to take place, since the metal 
around the voids is ductile and would be expected to yield and/or 
to open small irregular cracks, perhaps even submicroscopic ones, 
thus reducing the pressure in the voids and also relieving its own 
stresses. The assumption that martensite transformation may be 
an essential factor in flake formation has often been made, but 
rejected because of the failure to obtain visual evidence of the 
process. 

Since flakes occur mostly in segregated portions of steel, they may 
be explained by assuming that small regions of the austenite are so 
enriched in certain alloying elements that they do not undergo the 
pearlite transformation with the bulk of the body at relatively high 
temperature, even with slow cooling, but that their transformation 
is delayed until the temperature falls appreciably. They may then 
undergo either of two possible types of transformation, viz., to 
troostite or to martensite. It should not be expected that either of 
these would be revealed by bulk observations of the body during 
cooling, since the mass concerned would be too small. Furthermore, 
there are certain reasons why even microscopic observation may not 
be able to disclose with certainty such delayed transformations of 
small portions of the steel. It seems, therefore, that the question 
whether the transformation to martensite is an essential factor in 
flake formation cannot be decided on the basis of existing data. 

If delayed transformations are to be considered it is better to 
deal with plain carbon steel, as, for this, the requisite physical con- 
stants are better known than for certain alloy steels which are ill- 
famed for flake formation. This is unfortunate, since plain carbon 
steel with moderate carbon and manganese percentages would not 
develop really typical flakes. Minute spheres of austenite of 0-9% 
carbon in a pearlitic matrix of 0-4% carbon are subjected, on cooling 
from 700° to 200° C., to a yield potential of 47,000 Ib. per sq. in., on 
which is superimposed either 123,000 or 493,000 lb. per sq. in. due 
to transformation to troostite or to martensite, respectively, at 
200° CG. The resulting nascent stress conditions are respectively : 


fred, oj = 76,200 or 446,000 Ib. per sq.in. 
p = — 50,800 or — 297,400 Ib. per sq. In. 
Sioj = + 25,400 or + 148,700 lb. per sq. in. 


red,oj == + 33,000 or =- 193,300 Ib. per sq. in. 


The values of F',.q,.; are Shown, since the material seems to crack in 
a brittle manner, owing to its being prestressed by tessellated stresses 
due to hydrogen and to cooling. The brittle manner of cracking 
may even suggest consideration as to whether the transformation 
stresses should be superimposed with their simple or double values. 
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The conclusion is that hydrogen pressure and the stored energy 
of tessellated stresses due to cooling account for the energy required 
for the “ explosion,” and it is possible that tessellated stresses due 
to the phase transformation of small undercooled masses are the 
“ detonators.”” Body-stresses, which were frequently considered 
in the past, are certainly inoperative in the case under consideration, 
because of the slow cooling. 

If the cooling is so slow that flakes no longer develop, it is to be 
assumed, as usual, that much of the hydrogen vanishes by diffusion 
and the remainder develops only moderate pressure in the voids. 
An alternative or possibly an additional reason is that the trans- 
formation of minute masses of undercooled austenite takes place at 
temperatures—higher than those with slightly quicker cooling— 
at which the pressure potential of hydrogen is sufficiently reduced, 
and the matrix possibly is less liable to a brittle fracture by the 
impact of the transformation. 

Flakes also develop under conditions which are different from 
those discussed above. Tessellated stresses due to hydrogen are 
always a primary agent, and it is open to discussion whether a 
selective phase transformation of small masses actually initiates the 
process. If flakes are formed during quick cooling or heating, body- 
stresses also contribute to this effect. Flake-like cracks which are 
opened by external forces in hydrogen-bearing steel are of course, 
connected only with tessellated stresses due to gas pressure, not 
with those due to transformation in general. 

Careless pickling causes atomic hydrogen to penetrate into the 
surface layer, whereupon it combines to molecules in voids, thus 
developing high internal pressure. On investigating micro-test- 
specimens, the metallurgist may observe a varying number of dis- 
continuous hair-cracks near the surface. This condition may be 
cured by annealing at temperatures suitable for complete stress 
relief, so that it would not be affected by subsequent brazing opera- 
tions. Otherwise, the latter may readily give rise to a honeycomb- 
like infiltration along the grain boundaries in the surface layer. 

It is obvious, for well-established reasons, that the surface layer 
is subjected to body-tension during the infiltration of the brazing 
alloy. This body-tension is, no doubt, a consequence of the tessel- 
lated stresses due to hydrogen pressure in the voids of the surface 
layer. Since the resistance against outward strain at right angles 
to the surface is small, the voids are readily enlarged by elastic and 
plastic distortion and by the formation of hair-cracks in the sur- 
rounding metal, so that their volume fraction relative to the total 
volume of the surface layer is no longer very small. The body 
tensile strain of this surface layer, (ce, Oe fos, IN accordance 
with equation (7), cannot fully develop, owing to the resistance of 
the core portion of the specimen. Body-stresses are set up, there- 
fore, in the surface layer and core, with their bulk values inversely 
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proportional to the respective volume fractions. In order to explain 
the apparent existence of body-tension in the surface layer during 
brazing, it is to be assumed that the body-compression of the surface 
layer, which is primarily caused by the high internal pressure, 
exceeds the elastic limit of the material, so that when the hydrogen 
is eventually discharged from the voids the surface layer shrinks and 
becomes subjected to body-tension. It is not possible to find out, 
by analysis of existing reports on brazing cracks, when exactly the 
different phases of this process develop in the surface layer. 


ConcLUDING REMARKS. 


The discussion of some questions regarding iron and steel has 
revealed that tessellated stresses have, in general, a fundamental 
influence on the properties of solids. The present limits to, or lack 
of, knowledge of certain physical constants and technological figures 
make quantitative inferences difficult. Fairly certain qualitative 
conclusions may, however, be drawn. 

The tessellated stresses studied have been almost exclusively of 
the structural type; the stresses due to crystal anisotropy have 
not been superimposed. Since only qualitative conclusions were 
attempted, it was apparent that nothing could be achieved by 
such superposition. 

It should be emphasised, once more, that numerous details con- 
nected with the problems discussed, and many other problems 
relative to solids, including the possible tessellated stresses in 
individual crystals, seem to be worthy of future investigation. 
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GRAPHITISATION OF STEEL INFLUENCED 
BY TESSELLATED STRESSES.! 


By Dr. F. LASZLO (ENGINEERING ScHOOL, UNIVERSITY, MELBOURNE, 
AUSTRALIA). 


(Figs, 1 to 4 = Plate II.) 


SUMMARY. 


A study of the tessellated stresses set up on cooling carbon steel 
supports the theory that the graphite is first precipitated from the 
ferrite matrix and is not a product of the direct decomposition of 
cementite. 


Somr twenty years ago Professor Neill Greenwood carried out 
extensive investigations on the graphitisation of steel wire and 
discussed the results in 1921 in an unpublished manuscript as part 
of his thesis for the D.Sc. degree at Manchester University. When 
Professor Greenwood was informed of the inferences which the 
present author had drawn from a study of tessellated stresses,? he 
suggested a further study of his above-mentioned manuscript. 

The author is much indebted to Professor Greenwood for 
permission to publish some of the findings and illustrations of this 
manuscript, as they give an impressive demonstration of the 
influence of tessellated stress on metallurgical processes. 

Professor Greenwood investigated the possible causes of the 
formation of graphite in steel wires containing 1-0-1:1% of carbon, 
0-45-0-65% of manganese, 0-1-0:2%, of silicon and less than 0-04% 
of both sulphur and phosphorus. The procedure adopted was as 
follows: Suitable ingots were hot-rolled to 5-gauge rods; the 
latter were annealed at 700° C., cleaned, limed, blued and drawn to 
61-, 8-, 94-, 11-, 12}- and 14-gauge, the annealing, cleaning, liming 
and blueing being done after each draw. The annealing was 
carried out in pots; 6 hr. were required to reach the annealing ‘ 
temperature, which varied between 625° and 700° C., after the 
different drawing operations; then followed soaking for 6 hr., slow 
cooling in the furnace to 550° or 600° C. over a period of 10 hr. and 
final cooling to room temperature over a period of 24 hr. in an 
enclosed pit. 

Under such conditions the first signs of carbon precipitation 
were found in wires of a suitable inherent nature on annealing after 
drawing to 9}-gauge. Fig. 1 illustrates the microstructure of the 


1 Received January 1, 1943. ‘ 
2 “Pegsellated Stresses.—Part I.,”” Journal of The Iron and Steel Institute, 
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94-gauge wire before annealing, Fig. 2 that after annealing, the latter 
showing the first traces of precipitated graphite, 


ce 
. 


. and it is interesting to note that although it [the 
graphite] appears during annealing it occurs in elongated 
streaks. ... 

“The fact that, on its first appearance, the temper carbon 
is elongated suggests that it is deposited from a phase which 
has been drawn out in the earlier mechanical treatment. Such 
a phase might be a solid solution . . . which holds carbon 
along with it... . It is quite certain that it is not the _ 
cementite granuli which first decompose but the ferrite 
surrounding them. In fact, it is frequently found that the 
nodules of cementite occur adjoining or even inside the de- 
composed masses. Such can readily be seen in Fig. 3, which 
shows the same coil after two more drawings and annealings. 
The idea of ferrite holding carbon in solution is not new—and 
in fact it is essential in order to explain the spheroidisation of 
steel (none of which passed 700° C. after the hot-rolling). If 
there is no solubility of carbon (or carbide) in iron below 
725° C. it is difficult to imagine how the exceedingly minute 
spheres of cementite in the original sorbite can have become 
the large spheres of Fig. 1. The particles must have coalesced, 
and unless they have been drawn bodily to some large particle, 
they must have moved by diffusion, which involves solution. 

“We are forced to the conclusion, then, that ferrite in the 
neighbourhood of cementite granules is capable of holding 
appreciable quantities of carbon in solution at temperatures of 
625-700° C., and under certain conditions this carbon is 
precipitated, probably during cooling.” 


Fig. 4 shows the distribution of the carbon centres after annealing 
the 124-gauge wire. 

It is remarkable with what clarity Professor Greenwood’s 
photomicrographs reveal the peculiar start of the precipitation of 
temper carbon. Equally remarkable was his unfaltering explana- 
tion of its source, as it might have met with fierce discussion had it 
been published twenty years ago. Even his assumption that the 
precipitation occurs probably during cooling is very noteworthy. 

The actual steel contained 1-08% of carbon. Because of the 
difference in coefficients of expansion of cementite and _ ferrite, 
tessellated stresses are set up in the system on cooling from the 
annealing temperature. With the same notation as that used in 
“ Tessellated Stresses—Part I.” (loc. cit.), the cementite spherules 
are subjected to a radial stress p. The stresses in the ferrite at the 
surface bounding the cementite are a radial stress p and two equal 
tangential stresses f,,,;; midway between two adjacent spherules 
the radial stress is zero and the two equal tangential stresses are 
Jtoss The rate of change of each of these stresses with respect to 
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Fro. 1.—94-Gauge Wire before Annealing. x 800. Fi 


Asa te 


Fic. 3.—The Same Wire after two more drawings 


and annealings. x 800. the 12}-gauge wire after annealing. x 100. 


(Micrographs reduced to four-fifths linear in reproduction.) Ldsals 
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temperature can be found from equation (2a) (loc. cit.). By using 
the values 30 x 108 Ib. per sq. in. for Z, and 4° for m, which are 
practically constant at ambient temperatures, it is found that the 
changes of these stresses caused by a 1° C. fall of temperature near 
atmospheric temperature are: 3p = —67-25 lb. per sq. in., #.¢., the 
radial compressive stress is increased by 67-25 Ib. per sq. in.; 
Sf1,o; = 53-6 lb. per sq. in.; and 8f,,, = 19-98 lb. per sq. in., the 
latter two, of course, being increases of tensile stress. The values 
of H and m, however, vary with temperature, and at higher tem- 
peratures may be greatly different from those at room temperature. 
This would involve variations of dp/d7T’ with temperature, and to 
determine the value of p on cooling over a range of temperature 
dp/dT would have to be integrated over the range of cooling con- 
cerned, say, from 7’, to 7. This theoretical pressure p may 
possibly be reduced by gradual plastic deformation which is some 
function of the momentary value of the true pressure P and tem- 
perature 7’, and the rate of cooling d7'/dt, so that the actual pressure 
P will be given by an equation of the form : 


T. ui 
Hf aan fren.) 
P(T2) =|. an at bs R| P(D),-2, -) aT: 


The pressure P is limited in the following way: The yield potential, 
fo; —P, cannot develop fully if at any time it exceeds the creep 
resistance of the material corresponding to the three-dimensional 
stress conditions, the temperature and the rate of cooling at that 
time, i.e., for a steel containing 1-08% of carbon : 


If. j= P| = | —P. J — _ P| = 1:797P > actual creep resistance. 
0 


Since the stress distribution in the ferrite matrix will be equalised 

to some extent, f;,,; will be less than — . Le . P and P at some 
0 

time during cooling numerically greater than 1/1-797 of the actual 

creep resistance at that time. 

The essential finding is that during cooling the cementite spheres 
are subjected to a hydrostatic compression P, and the ferrite 
matrix to tensile stresses. Since carbon precipitation is accompanied 
by a comparatively large increase of volume, it is obvious that 
during cooling carbon precipitation out of the solid solution of 
cementite in ferrite should be greatly facilitated by tessellated 
stresses. This is in exact accord with Professor Greenwood’s 
observations, and also with his assumption that the carbon precipi- 
tation from ferrite occurs during cooling. It is, furthermore, 
questionable whether cementite spheres would decompose at all 
during cooling. : 

In order to support his metallographical finding, Professor 
Greenwood also made some investigations into the solubility of 
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carbon in ferrite at temperatures below A,. Though that investi- 
gation was not directly related to questions of tessellated stresses, 
it may be of interest to mention its results. Professor-Greenwood, 
in 1921, heated wire samples of the quality under consideration at 
temperatures of 500°, 550°, 600°, 650° and 7 00° C., for 2 hr., quenched 
them and compared their electrical resistance with that of wire 
cooled at a moderate rate. He found “ roughly ” that ferrite takes 
at least 0-02°% of carbon into solid solution at 700° C. and that the 
solubility practically vanishes at 500° C. a 

In order to prevent any misinterpretation, it should be mentioned 
that the réle of tessellated stresses in the initiation of carbon pre- 
cipitation is only of a mechanical character. Professor Greenwood 
devoted himself in those investigations exclusively to the study of 
metallurgical factors which were responsible for the readiness of 
certain melts of steel of the quality under consideration to precipi- 
tate carbon under suitable circumstances. 


CORRESPONDENCE. 


Dr. A. L. Norsury, (Ministry of Supply, Birmingham) wrote : 
The elongated form of the graphite and its general distribution 
in Figs. 2 to 4 suggest that it had been deposited on rolled-out 
streaks of manganese sulphide and other non-metallic inclusions, 
rather than on the carbide particles. Deposition of graphite on 
manganese sulphide and on other inclusions is well established in 
the case of blackheart and whiteheart malleable. 

In the same way graphite precipitation from molten grey cast 
iron is apparently facilitated by the presence im the melt of solid 
non-metallic inclusions.! 

The above effects do not appear to be dependent on the crystal 
structures of the non-metallic inclusions and consequently seem to 
be due to some boundary effect such as “ stresses’ in the outside 
layers of atoms of the iron lattice, through the outside atoms being 
unable to register with, and link up with, the atoms in the non- 
metallic inclusion. 

The idea that “stressing” of the iron lattice favours graphi- 
tisation has also been put forward to explain the observation that 
the graphitising effects of elements in solid solution in cast iron 
increase as the solute atoms and iron atoms differ in size.2 


It is regretted that the author’s reply has not been received at 
the time of going to press. 


' A. L. Norbury and E. Morgan, Journal of The Iron and Steel Institute, 
1936, No. IL., pp. 327 p-358 p. 


ee A.L. Norbury, Journal of The Iron and Steel Institute, 1939, No. II., p. 
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THE CALIBRATION OF THE PLATINUM/ 

13°%,-RHODIUM-PLATINUM THERMOCOUPLE 

OVER THE LIQUID STEEL TEMPERATURE 
RANGE.* 


By C. R. BARBER, B.Sc. (NationaL PHysicaL LABORATORY, 
TEDDINGTON, MIDDLESEX). 


(Fig. 2 = Plate III.) 


Paper No. 17/1942 of the Committee on the Heterogeneity of Steel 
Ingots (submitted by the Liquid Steel Temperature Sub-Committee). 


SUMMARY. 


The e.m.f.’s of eight platinum/13%-rhodium—platinum thermo- 
couples have been measured at the melting points of gold, palladium 
and platinum by the wire method. On the basis of these deter- 
minations and the existing e.m.f./temperature relation up to 1550° C., 
a reference table for the platinum/13%-rhodium—platinum thermo- 
couple covering the range 1400° to 1770° C. has been computed. It 
is estimated that the accuracy of the calibration in terms of the 
International Temperature Scale is + 3° C. up to 1600° C. and 
4+- 5° C. beyond this temperature. 


INTRODUCTION. 


Tue development of the quick-immersion technique for the use of 
platinum thermocouples for the measurement of the temperature of 
molten steel has now reached the stage when the method is being 
usefully employed for temperature control in steelmaking. In the 
preliminary experiments the absolute accuracy of calibration of the 
thermocouples was not of importance, but now that the method 
appears to be well-established an accurate calibration is clearly 
desirable. Hitherto, platinum couples have not been used exten- 
sively above about 1550° C. on account of the relatively rapid rate 
of deterioration of the couple wires at such high temperatures, and 
thus there has been little demand for a calibration extending beyond 
this temperature. The present work has therefore been undertaken 
in order to provide e.m.f./temperature reference tables for the 

latinum /13°%-rhodium—platinum thermocouple over the range 
1400° to 1770° C. 

The temperature scale used in arriving at the calibration data 
should be the International Temperature Scale, which is defined for 
temperatures above 1063° C. by the melting point of gold (1063° C.) 
and a value of 1-432 cm.-degrees for the constant CQ, in the Wien law 
of radiation, the disappearing-filament optical pyrometer being the 
instrument normally used for realising the scale. Strictly, therefore, 


* Received August 4, 1942. 
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the calibration of a thermocouple over the range of temperature 
1400-1770° C. involves’ a point-to-point comparison of the optical 
pyrometer and thermocouple, which at high temperatures is a 
difficult and lengthy process. As an alternative, however, indirect 
reference may be made to the International Temperature Scale by 
calibrating the thermocouples at fixed points which have already 
been determined precisely by means of the optical pyrometer. 
On the basis, therefore, of the melting points of gold (1063° C.), 
palladium (1555° C.) and platinum (1773° C.) and the existing data 
of the thermocouple scale below 1550° C., it is considered that a 
calibration of the thermocouple from 1400° to 1770°C. may be 
drawn up which will reproduce the International Temperature 
Scale with sufficient accuracy for present needs. This method of 
calibration is the one here adopted, and the details of the apparatus 
and measurements are given below. 


METHOD AND APPARATUS.* 


The well-known wire method of calibration was used at all three 
fixed points. Although this method is sometimes considered not 
to yield such high accuracy as the ingot method, it can with certain 
precautions show a surprisingly high precision, while it has the 
advantage of requiring only simple apparatus and a very small 
quantity of melting-point material. According to the method, a 
short length of the melting-point metal is joined between the ends 
of the two wires of the thermocouple under calibration (test couple) 
and placed, together with another couple (control couple), in an 
electrically heated furnace, the temperature of which is slowly 
raised, alternate readings of the e.m.f. of the couples being taken 
on a potentiometer. When the melting point of the metal is 
reached, the e.m.f. of the control couple continues to rise, while 
that of the test couple remains steady for a minute or two and then 
drops to zero on the breaking of the circuit due to the fusion of the 
metal forming the junction. The steady e.m.f. value immediately 
before the rupture is taken to be the e.m.f. of the couple at the 
melting point of the metal. 

The measurements at the gold point are quite straightforward 
but those at the higher temperatures may be subject to error mainly 
on account of the poor electrical insulating properties at high 
temperatures of the refractory materials of the furnace tube and 
thermocouple insulators. Thus, considerable error may arise by 
leakage from the furnace winding to the thermocouple circuit, should 
the wires be allowed to make contact with the hot furnace wall. In 
addition, an electrolytic effect appears to exist between thermo- 
couple wires in contact with a refractory insulator at high tempera- 


* A fuller description of the apparatus and details of the techni 
- . t 
followed in making the measurements are given in the Boiohice orks 
Technique of Calibrating Platinum Thermocouples for Use in Liquid Steel.” 
London, 1942: H.M. Stationery Office. 2 
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ture, revealing itself in the experiment by causing a high e.m.f., 
sometimes of the order of several millivolts, to be developed when 
the junction breaks. The following general conclusions were drawn 
from experiments conducted on the measurement of this e.m.f. and 
the circuit resistance under various conditions: That the effect 
exists both with A.C. and D.C. heating of the furnace, although 
smaller with the former; that reversing the direction of flow of the 
furnace current reverses the effect; that the resulting error is not 
likely to exceed a few microvolts. The phenomenon, with par- 
ticular reference to the palladium point, has been discussed at some 
length by Fairchild, Hoover and Peters. In the present measure- 
ments inaccuracies on this account and by reason of leakage from 
the furnace winding were avoided by arranging that the insulators 
covering the thermocouple wires touched neither each other nor the 
furnace walls. 

Eight thermocouples were calibrated, four being lent for the 
purpose by Messrs. Johnson Matthey & Co., Ltd., and four by The 
Sheffield Smelting Co., Ltd. The couple wires, which were 0:5 mm. 
in dia., were annealed by passing a current of about 13-5 amp. 
through them for about one minute. Each wire was threaded into 
a recrystallised alumina tube, 0:7 mm. in bore, of 0-5 mm. wall- 
thickness and 150 mm. long, about 25 mm. of the wire being left 
bare at the hot-junction end. The couples were mounted in pairs in 
clamps consisting of brass blocks having four parallel holes, into 
which the insulators were threaded and clamped at their ends by 
set-screws, so that they were held parallel to but not touching each 
other. A cross-section of this clamping-block is shown in Fig. 1, 
together with a diagram of the furnace assembly. Two furnaces 
were used, one for the gold and palladium points and the other for 
the platinum points, each having a recrystallised alumina central 
tube, 12 mm. in bore, of 2:7 mm. wall-thickness and 300 mm. long. 
The first-mentioned furnace had a spiral winding of platinum /10%- 
rhodium foil, 12-5 mm. wide and 0-025 mm. thick, covering the 
whole length of the tube, a space of 1-2 mm. being left between the 
turns. The leads to the furnace winding each consisted of four 
strands of platinum wire, 0-5 mm. in dia., welded to the ends of 
the foil. The platinum-point furnace had a winding of pure rhodium 
foil. 6-3 mm. wide and 0-075 mm. thick, with similar spacing of turns 
but covering only half the length of the tube, the long tube being 
used because a shorter one was not immediately available. a 
explained later, the greater length of the furnace winding enniaye 
for the gold and palladium points was on account of the need for 
greater temperature uniformity at these points than at the platinum 
point. The central furnace tube in each case was packed in ale 
powder contained within a silica tube, which was in turn packed in 
Sil-o-cel powder. The outer diameter of the furnace case ore 
about 200 mm. The approximate rating of the furnaces at me Oo 
the points was 10 amp., 15 V. at the gold point, 12 amp., 21 V. at 


208P BARBER: PLATINUM/13°%-RHODIUM-PLATINUM THERMOOCOUPLE ; 


the palladium point and 16 amp., 17 V. at the platinum point. The 
furnaces were operated in the vertical position, the pair of test 
couples being lowered into them from above and adjusted so that 
the insulators were not in contact with the furnace wall and the 
junctions were at the hottest part of the furnace. In order to be 
able to see into the furnace when making this adjustment, the metal 
block of the clamp had been cut away as shown in Fig. 1. An 
alumina disc was placed just below the test-couple junctions to 
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Fig. 1.—Furnace Assembly for Calibrating Thermocouples b 
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Wire Method. i Pt aa 


reduce convection and radiation losses and thu 

gradients in the neighbourhood of the junctions. Tho oontedl coll 
mounted in a twin-bore insulator, was inserted into the furnace 
from below and placed with its junction adjacent to the dise which 
was supported by the twin-bore insulator. In the platinum-point 
experiments the control-couple junction was placed in a cooler part 
of the furnace, so that it remained intact when the test couples 
reached the melting point. The rate of rise of the furnace tempera- 
ture during the observations was adjusted to be of the order of 0-5° Cc 
per min. for the gold point and 1° C. for the palladium and platinum 


(a) Gold Point, before melt. 
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(b) Platinum Point, before 
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points. In order to be able to maintain this rate steady a reasonably 
constant voltage electrical supply was necessary. Since the furnaces 
used were small in size and so of low heat capacity, the mains supply 
was not sufficiently steady and it was found convenient to use a 
50-V. battery. Larger furnaces could be operated on a less steady 
supply, but speed of adjustment of the temperature would be 
sacrificed on account of the greater thermal lag involved. 

The gold and palladium wires were fused on to the ends of the 
thermocouple wires. Each junction was made by melting back the 
end of the gold (or palladium) wire in an oxy-coal-gas flame, so that 
the bead thus formed embraced the end of the thermocouple wire 
without the latter being melted. In this way it was possible to avoid 
extensive alloying of the two metals and the consequent errors due 
to contamination both of the melting-point metal and of the thermo- 
couple wires. When the wire had been so joined it was about 3 mm. 
long. In Fig. 2(a) a photograph of a gold-wire junction clearly 
illustrates that the ends of the couple wires have not been fused. 

The experiment at the melting point of platinum is the same in 
principle, but no additional wire is here required since the melting- 
point material forms one arm of the thermocouple. The thermo- 
couple wires were fused together at the junction, and the position 
of the couple was adjusted in the furnace until the maximum e.m.f. 
reading was given, thus ensuring that the junction was at the hottest 
part of the furnace and hence that fusion would commence at the 
junction. It was found that by arranging the bare couple wires 
projecting from the insulators to be close together (about 2 mm. 
apart) the platinum wire, after fusion at the junction, was still held 
in contact with the platinum-rhodium wire by surface tension of 
the bead, which moved up the alloy wire as the platinum arm melted 
back. The photographs in Figs. 2, (0) and (c), illustrate the appear- 
ance of the junction before and after the experiment. Occasionally 
small irregularities on the surface of the alloy wire over which the 
platinum bead had passed seemed to indicate that small quantities 

of platinum had been left behind, but, generally, the surface of the 
platinum-rhodium wire had retained its original polished appearance. 
This evidence, combined with the fact that the e.m.f. of the couple 
remained steady to within two or three microvolts while the platinum 
arm was melting back some 1-5 cm., leaves little doubt that the 
melting point given was that of the pure platinum. In connection 
with this point Todd ® has shown that two platinum wires twisted 
together melted at the same time as a platinum wire twisted with a 
platinum-rhodium wire, when heated side by side in a uniform- 
temperature enclosure. ; 

A reasonable degree of uniformity of temperature in the neigh- 
bourhood of the hot junction is desirable in the case of the gold- and 
palladium-point determinations. It can beshown that a temperature 
difference of 1° C. between the ends of the palladium wire at the 
melting point will give rise to an error in the thermocouple paane 
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of + 25 or — 35 microvolts, according to whether the palladium / 
platinum-13%-rhodium or the palladium/platinum junction 1s at 
the higher temperature. In the case of such a violent gradient 
there would be no steady e.m.f. reading of the couple immediately 
before the break of the junction. The corresponding e.m-f. 
differences at the gold point are smaller, while at the platinum 
point they are non-existent. Although no special precautions 
were taken to ensure temperature uniformity in the furnaces 
employed, other than the use of a furnace tube having a high 
ratio of length to diameter, the steadiness of reading before 
rupture of the junction and the reproducibility of the results were 
taken to indicate that there were no serious errors on this account. 
Subsequent experiments undertaken to throw further light on this 
point suggested that it was unlikely that an error exceeding + 10 
microvolts had been introduced from this cause. 

The ratio of the electrical resistances at 100° and 0° C. of the 
palladium wire used was found to be 1-377, indicating a sufficiently 
high degree of purity.© The values obtained for this ratio for the 
platinum wires of couples C and 4 were 1-3916 and 1-3919, respect- 
ively. The Comité Consultatif de Thermométrie ® in 1939 recom- 
mended for adoption in the International Temperature Scale speci- 
fications that the ratio for the platinum used in resistance-thermo- 
meter bulbs and platinum/platinum-—rhodium thermocouples em- 
ployed in realising the International Temperature Scale shall have 
a minimum value of 1-391. 


Discussion OF RESULTS. 


During the preliminary observations some of the couples gave 
lower values at the gold points after heating them to the platinum 
point than they did before. The platinum points in these cases 
were also unsatisfactory, no constant e.m.f. value being given, but 
the readings showing a steady rise during the fusion of the junction, 
which nevertheless was appreciably slower than that of the control 
couple. This seemed to indicate that these couples had become 
contaminated, their behaviour conforming to the supposition that 
the degree of contamination became less as the distance from the 
hot junction increased; thus, as the bead of platinum advanced up 
the alloy wire, a greater e.m.f. was given. The presence of this 
contamination could not be explained, and it was decided to reverse 
all the couples and recommence the observations. 

The results of the observations on the reversed couples are set 
out in Table I., the four couples of one make being designated by the 
letters A, B, C and D, and the four couples of the other make by 
the figures 1, 2, 3 and 4. The figures in brackets after each value 
indicate the order in which the observations were taken. It is to 
be noted that a high reproducibility of reading at each point was 
obtained. The mean e.m.f. value of any one of the eight couples 
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does not differ from the mean of all the couples by more than 1° C. 
at any of the fixed points. The mean values of the two makes of 


Taste I.—Summary of H.m.f. Values at the Melting Points of Gold, 
Palladium and Platinum. 


Figures in brackets indicate the order in which the observations were taken. 


E.m.f., in Microvolts (for Cold Junctions, 0° C.), at Melting 


Point of— 
Couple. 
Gold. Palladium. Platinum. 
A 11347 (3) 18188 (4) 21095 (1) 
11348 (5) 18191 (6) 21105 (2) 
Mean 11347-5 18189-5 21100 
B 11354 (3) 18185 (4) 21105 (1) 
11351 (5) 18189 (6) 21111 (2) 
Mean 11352-5 18187 21108 
C 11352 (3) 18185 (4) 21108 (1) 
11348 (5) 18186 (6) 21113 (2) 
Mean 11350 18185-5 21110-5 
D 11353 (3) 18191 (4) 21123 (1) 
11352 (5) 18200 (6) 21134 (2) 
Mean 11352-5 18195-5 21128-5 
Means of Couples A to D 11350-5 18189-5 21112 
1 11365 (2) 18202 (3) 21119 (1) 
- 11363 (4) 18201 (5) ES. 
Mean 11364 18201-5 21119 
2 11371 (3) 18189 (4) 21119 (1) 
11363 (5) 18198 (6) 21119 (2) 
Mean 11367 18193-5 21119 
3 11366 (3) 18187 (4) 21116 (1) 
11367 (5) 18187 (6) 21113 (2) 
Mean 11366-5 18187 21114°5 
4 11363 (3) 18199 (4) 21116 (1) 
11362 (5) 18187 (6) 21107 (2) 
Mean 11362-5 18193 21111-5 
Means of couples 1 to 4 11365 18194 21116 
| Means of all 8 couples 11358 18192 21114 
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couple at the palladium and platinum points differ only by the 
equivalent of 0-3° C., but at the gold point the difference is about 
1°C. This seems to indicate a slight difference in the form of the 
e.m.f./temperature relation of the two products; the difference, 
however, is so small that the mean value of all the couples may be 
used to draw up reference tables which may be employed with both 
makes of couple without introducing a significant error. 

Table II., giving the mean e.m-f.’s of the thermocouples for 
every 10° C. from 1400° to 1770° C., has been derived from the data 
in Table I. in the manner explained below. As already stated, the 
relation of temperature to e.m.f. of a thermocouple should strictly 
be derived by comparison with an optical pyrometer reproducing the 
International Temperature Scale. It is known that in the case of 


Taste Il.—#.m.f./Temperature Calibration of Platinwm/13%- 
Rhodium—Platinum Thermocouples over the Range 1400°. to 
1770° C. with Cold Junctions_at 0° C. 


The e.m.f. values are given to the nearest 0-01 mV., but the absolute 
accuracy is not claimed to be better than + 3° C. up to 1600° C. and + 5° C. 
above this temperature. 

Nore :—When compensating leads are used, care should be taken to 
ensure that the two junctions between the compensating leads and the thermo- 
couple wires are at the same temperature, and that this temperature does 
noteexceed 100° C. Otherwise, serious errors may be introduced. 


Temperature. 1400° 0. 1500° OG. 1600° C. 1700° CG. 

kaos MV. MV. MV. MV. 
0 16-00 17-43 18-81 20-16 

10 16-15 oT 18-95 20-29 
20 16:29 17-71 19-08 20-42 
30 16-43 17-85 19-22 20-55 
40 16-58 17-98 19-35 20-68 ~ 
50 16-72 18-12 19-49 20-81 
60 16-86 18-26 19-62 20-94 
70 17-00 18-40 19-76 21:07 
80 17:14 18-54 19-89 
90 17-29 18-67 20-02 


platinum thermocouples, of a kind containing either 10% or 13% 
of rhodium, this relation cannot be expressed in linear or parabolic 
form on the basis of observations at the three melting points of gold, 
palladium and platinum. When, however, the range is considerably 
shorter than from 1063° to 1773° C., and the highest accuracy is not 
demanded, a parabolic form no doubt suffices. The following pro- 
cedure has been adopted in deducing such a form over the range’ 
from 1400° to 1770° C.: For two of the three points required, the 
e.m.f. determinations at the palladium and platinum points are 
used. The gold-point observations are not directly employed, but 
by comparing them and the palladium-point observations with the 
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interpolation curve used by the National Physical Laboratory for 
such couples for the range 1063° to 1555° C., an estimate is obtained 
of the e.m.f. value at 1400° C., which is then used as the required 
third point. Since the above-mentioned interpolation curve agreed 
with those adopted in other laboratories to within the accuracy now 
aimed at, namely, ++ 3° C., this procedure may be regarded as satis- 
factory. It yields the following equation for the e.m.f./temperature 
relation from 1400° to 1773° C. : 


¢ = —7966 -+ 19-820 — 0-00192822. 


From this equation the values in Table I. Have been computed. It 
is estimated that the accuracy of the calibration in terms of the 
International Temperature Scale is ++ 3°C. up to 1600°C. and 
+ 5° C. beyond this temperature. The calibration of a particular 
couple may be obtained by the determination of its e.m.f. at two 
points within the range, most conveniently the melting points of 
palladium and platinum, by the wire method, and plotting the curve 
of deviation from the reference table. 
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CORRESPONDENCE. 


Mr. W. C. Hzsetwoop (Central Research Department, The 
United Steel Companies, Ltd., Stocksbridge, near Sheffield) wrote : 
The results presented in this paper meet a need that has been felt 
for some time by providing a reliable high-temperature calibration 
of platinum/13°%-rhodium-—platinum thermocouples of British 
origin. Calibration figures have been available from the U.S.A. 
National Bureau of Standards,1 but the impression was that at 
high temperatures for a given e.m.f. the American calibration gave a 
temperature markedly higher than that in available British calibra- 
tions ; the present results confirm this, the differences being : 


At 1400° C. 44°C. 


pat | Bureau of Standards approximately Fe | higher than NPL. 


1700° C. 93° C. 


Certainly most of these differences are within the plus or minus 
limits claimed for absolute accuracy, but it would be interesting to 
know whether the author thinks that there may be a small consistent 
difference between thermocouples of American and British origin. 

In this experimental work the individual readings have been 
taken to 1 microvolt, and to do this the precautions described ((i) 
special battery supply, (ii) very slow rate of heating, 4$-1° C. per 
min.) were necessary, although the results show that reproducibility 
is only to the nearest 10 microvolts. Fortunately, this is of ample 
accuracy (better than 1° C.) for the purpose, and experience of 
palladium-point calibrations in the Central Research Department of 
The United Steel Companies, Ltd., is that this accuracy is readily 
obtainable when using mains supply and a rate of heating of approxi- 
mately 5° C. per min., even with a furnace of less heat capacity than 
that described by the author. The direction to use special batteries, 
&c., repeated in the practical guide to which the author refers, seems 
therefore to be unnecessarily severe for routine calibrations; whilst 
being perhaps a convenient refinement, it would be a pity if lack of 
suitable batteries were to influence anyone not to make use of the 
method so clearly described by the author. 


Dr. O. R. J. Lex (Teddington, Middlesex) wrote: This paper 
appears to be the culmination of the excellent work done by the 
N.P.L. on the subject of liquid-steel temperature measurements. 
With the development work virtually completed, it may now seem 
an easy and obvious method of measuring such temperatures to dip 
in a protected noble-metal thermocouple. The magnitude of the 
debt owed by the steel industry to the Liquid Steel Temperature 

1 Summarised by W. F. Roeser and H. T. Wensel, American Institute of 


Physics Symposium on ‘‘ Temperature, Its Measurements and Control in 


Science and Practice,” p. 1298. New York, 1941: Reinhold Publishing. 
Corporation. 
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Sub-Committee and its programme of work is revealed by the fact 
that American and German papers +? have condemned the thermo- 
couple method as being impracticable and offering insuperable 
difficulties. ; 

The paper under discussion gives an e.m.f./high-temperature 
relationship which can be applied to all new 13% rhodium thermo- 
couples and virtually defines a high-temperature scale, permitting 
all users to express their results in common terms. Unfortunately, 
it appears that, if the quick-immersion technique is taken up in 
America, a preference will exist for the e.m.f./high-temperature 
relationship obtained by the United States Bureau of Standards.* 
A discussion of such reference curves is the main object of this 
contribution, but mention will first be made of a few practical points 
arising from the experimental work reported in the paper. 

On pp. 206 P and 207 P, the difficulties of high-temperature mea- 
surement close to a source of high potential are discussed. The errors 
introduced arise because of the very great decrease in resistance of air 
and ceramic materials at high temperatures, which permits minute 
currents to pass from the furnace winding and flow through the 
thermocouple wires and measuring instruments to some point of 
low (usually earth) potential. The amount of error in any particular 
case depends on the path traversed by the leakage, which may not 
be the same in duplicate determinations. or such types of measure- - 
ment, the furnace casing should be earthed and all sections of the 
measuring circuit (including so-called insulated leads) very ade- 
quately insulated by paraffin wax or high-grade freshly surface- 
ground ebonite. Leakage effects are variable during the course of an 
experiment, and it cannot be too strongly emphasised that for 
accurate work they must be virtually eliminated. Leakage e.m.f.’s 
can readily be detected by switching off the furnace current and 
earthing the furnace winding. There is a further possibility of error 
due to contact potentials, which is presumably meant by the 
reference in the paper to electrolytic effects between thermocouple 
wires and refractory insulators at high temperatures. Personal 
experience, coupled with careful reading of the present paper and 
that by Fairchild, Hoover and Peters,4 indicates that extraneous 
e.mf.’s arise only from mains voltage-drop effects and contact 
potentials. Unless all parts of the measuring circuit were insulated, 
the statement that “leakages from the furnace winding were 
avoided by arranging that the insulators covering the thermo- 
couple wires touched neither each other nor the furnace walls 
carries little weight. 


1 K. Guthmann, Stahl und Eisen, 1937, vol. 57, p. 1247. ; 

2 TL. O. Sordahl and R. B. Sosman, American Institute of Physics, Sym- 
posium on “ Temperature, Its Measurement and Control in Science and 
Industry,” p. 928. New York, 1941: Reinhold Publishing Corporation. 

3 W. EF. Roeser and H. T. Wensel, Bureau of Standards Journal of Research, 


1933, vol. 10, p. 275. 
4 Bureau of Standards Journal of Research, 1929, vol. 2, p. 959. 
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A practical proof of this matter was obtained by the writer with 
a liquid-steel temperature set-up using a self-contained quick- 
immersion potentiometer on an anti-vibration sponge-rubber mat. 
Observations were made at about 1500° C. in a small tube furnace. 
Although the couple wires were in twin-bore insulators which touched 
the side of the furnace, no leakage effect was observed on switching 
the furnace current off and on, and when an open circuit was obtained 
after the palladium calibration the potentiometer indicated zero 
e.m.f. This was ascribed to the insulating properties of the rubber 
mat. When the experiments were repeated with an external gal- 
vanometer resting on an earthed plate, leakage e.m-f.’s of different 
magnitudes were apparent before and after the palladium deter- 
mination. 

The furnace design and method of operation described in the 
paper were justifiably elaborate for determining a reference curve, 
but once this has been accurately done, works checks on thermo- 
couples for contamination do not need such refined apparatus and. 
methods. I have had very satisfactory results with a platinum- 
strip-wound alumina tube furnace 4 in. long and } in. in internal 
diameter. It is my opinion that for checking used couples a short 
furnace is essential to reproduce the steep temperature gradients 
existing near the junction of a couple when immersed a few (2 or 3) 
inches in liquid steel. Contamination of a thermocouple only makes 
itself manifest in the e.m.f. reading when the contamination is in a 
zone of temperature gradient, and a very false impression of the 
contamination effect on an immersion reading would be obtainéd 
from a calibration in a furnace with a long uniform temperature 
zone. The small furnace described worked satisfactorily from the 
A.C. mains supply and the temperature could be judged sufficiently 
well by the furnace current without the use of a control couple. 
The main error appeared to be due to stress in the palladium bridge 
causing premature breakage, but if no results were accepted where 
the palladium had not run down to smooth beads on each couple 
wire, very consistent results were obtained. 

For the platinum point, surprisingly good reproducibility was 
obtained by moving an electric arc slowly up to the couple junction 
mounted horizontally. Efficient insulation of the measuring circuit 
is essential, but the aforementioned rubber mat was sufficient for the 
potentiometer. 

Although these methods seem. crude and would not be tolerated 
for a moment in work to obtain a thermocouple reference curve, they 
have been described to counteract the possible supposition that works 
checking for contamination would require the same equipment and 
battery operation as are described in the paper. 

Turning, now, to more fundamental points, the equation put 
forward as representing the e.m.f./temperature characteristics of a 
13% rhodium couple at 1400-1600° C. involves a rapid decrease in 
thermo-electric power with rising temperature (de/dt = 19-820- 
0-003856 ¢). However, the mean of a number of N.P.L. cali- 
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brations up to 1600° C. made prior to the work described in this 
paper and constituting the standard curve for the Sheffield Smelting - 
Company’s rhodium couples, indicates a thermo-electric power which 
increases with increasing temperature. The data are shown in 
Fig. A, together with the thermo-electric power values from the 
U.S. Bureau of Standards’ reference curve. 
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Fic. A.—Thermo-Electrie Power of 13% Rhodium Thermocouples. 


A further point of which the significance is increased by the use 
of an estimated e.m.f. at 1400° C., is that a cubic equation cannot be 
made to fit the four points 1063°, 1400°, 1555° and 1773° C. The 
paper thus presents us with a temperature scale having a well- 
marked inflection where the old and new determinations meet. 

The magnitude of the discrepancy is shown by Fig. B, in which 
the mean e.mf. of the Sheffield Smelting Company’s couples as 
determined by the N.P.L. and also the present published values are 
compared with the Bureau of Standards’ figures. 


£2 OO! Deviation Curve for use with U.S. Bureau .of Standards Data, being Present Paper 


2 straight line from the gold point through the mean of the 
palladium and platinum points and constructed from Barbers results. 
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Fic. B.—Electro-Motive Force Difference, N.P.L. figures minus U.S. 

Bureau of Standards figures. 


It is true that the deviation is not serious from a practical point 
of view in measuring liquid-steel temperatures. A linear deviation 
curve from the Bureau of Standards’ figures, based on Barber’s values 
at 1063° and 1773° C., gives values less than 20 microvolts different 
from the present tabulated values in the range 1500-1700° C. In 
the range 1200-1400°, however, the position is not so good. Differ- 
ences of 50 microvolts arise. 

To decide which set of figures is most likely to_be correct, it 
is necessary to refer to the basis of the curves. The Bureau of 
Standards obtained their 13% rhodium reference curve from com- 
parisons with a 10% couple which had been standardised by fixed 
points and optical pyrometer at 1063°, 1250°, 1400° and 1773° C. 
The form of the 10% reference curve is substantiated by a Bureau of 
Standards optical comparison with a number of couples at 1500° C. 
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when in most cases the agreement was within 1° C.1_ It is also sub- 
stantiated by the shape of the thermo-electric-power/temperature 
curve, which is in good agreement with Day and Sosman’s figures 
based on gas-thermometer comparisons.? The N.P.L. calibration 
of the Sheffield Smelting Company’s 10% couples is not in good 
agreement with the latter. 

The American figures seem more reliable than the N.P.L., and, 
using the values for gold, palladium and platinum in the present 
paper, a straight-line deviation curve to be applied to the Bureau 
of Standards’ reference curve can be obtained in three ways: By 
using (a) gold and palladium values, (6) gold and platinum values or 
(c) gold and the mean line passing between palladium and platinum. 
These give differences of about 10 microvolts in the liquid-steel 
temperature range and indicate sufficient reliability for such a 
straight-line deviation plot. There is, however, a certain possibility 
that the Bureau of Standards data are not exact in this range because 
experience shows that the palladium calibration e.m.f. is always 
greater than a mean straight-line deviation curve indicates, whilst 
the platinum calibration e.m.f. is always less. 

It appears possible that a,cause of this might lie in the method 
used at the platinum point, which assumes a smooth e.m-f./tem- 
perature relationship right up to and including the melting point of 
one of the couple wires. 

As a possible indication of the reliability of the method, the writer 
has experimented with a platinum-gold couple, making observations 
up to and including the melting point of gold. A triple-junction 
couple was made from 10% rhodium, platinum and gold wires. 
Observations of the rhodium-platinum and rhodium-gold e.m.f.’s 
on a rising temperature gave the variation of the platinum-gold 
e.m.f. with temperature. 

Observations every 8° and every 4° close to the melting point 
of gold gave thermo-electric power values within -- 0-4 microvolts. 
per °C, from a straight line, except for two observations 0-9 and 0-6 
microvolts per ° C. away. A quadratic e.m.f./temperature relation- 
ship formed on three calibration points gave results agreeing with 
observations to within + 0-2,° C., and at the melting of the gold 
wire the temperature given by the observed e.m.f. was 1062-9° C. 

The use of the gold point in a gold-platinum couple is thus con- 
firmed as being reliable and the inference is that the platinum point 
on a platinum/platinum-rhodium couple is also likely to be reliable. 

A further investigation of the high-temperature scale comparing 
optical pyrometers and thermocouples at about six points between 
1063° and 1773° C. (providing data for the calculation of one or 
two cubic equations) would indicate the possibility of improving the 
United States Bureau of Standards’ reference curves. 

1 W. F. Roeser and H. T. Wensel, American Institute of Physics, Sym- 
posium on ‘‘ Temperature, Its Measurement and Control in Science and 
Industry,” p. 303. New York, 1941: Reinhold Publishing Corporation. 


3 A. L. Day and R. B. Sosman, Carnegie Institute, Washington, 1911, 
Publication No, 157, p. 119. 
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Summarising, it would seem preferable to regard the present 
work as justification for the use of a straight-line deviation curve 
from the United States Bureau of Standards’ reference curve at high 
temperatures, thus retaining one international basis of measurement 
having a smooth variation in the whole of the temperature range. 

An additional point worthy of note if high accuracy is desired 
at elevated temperatures is that a 1094 rhodium couple has a slower 
rate of change of thermo-electric power with temperature and should 
be capable of more accurate interpolation between calibration points 
than a 13% rhodium couple. Day and Sosman showed that 15% 
and 20% rhodium couples had very markedly curved e.m_-f./ 
temperature relationships above 1400° or 1500° C., whilst a 10% 
couple was not far from linearity 


AUTHORS REPLY. 


Mr. BarBer wrote: In reply to Mr. Heselwood, there is a differ- 
ence between the e.m.f. values of platinum/13°%-rhodium—platinum 
thermocouples of American and British origin amounting to about 
40 microvolts at the melting point of gold (1063° C.) and about 
120 microvolts at the melting point of palladium (1555° C.), equivalent 
to 3° and 9° C., respectively, the British thermocouples giving the 
higher e.m.f. These values should be quite independent of the shape 
of the reference curve adopted in the two countries. 

Dr. Lee is right in emphasising the need for careful insulation 
of the measuring circuit, but even after such precautions have been 
taken there is still a risk of leakage when the thermocouple is in 
contact with the furnace wall over an appreciable length because 
of the potential gradient in the furnace winding. It was for this 
reason that the insulators were not allowed to touch the furnace tube. 

The method of carrying out the observations may be somewhat 
more elaborate than is necessary for works practice. The way in 
which this may be modified and yet still give satisfactory results 
is mainly in the direction of using a furnace of greater heat capacity 
than those described, so that it may be operated from the mains 
supply to give an easily controlled rate of temperature rise. If it is 
agreed that a satisfactory result is not obtained unless a halt or 
at least a marked lessening in the increase of e.m.f. of the test 
couple is observed then a control couple is essential in order to 
distinguish a melting-point halt from a steadying of the furnace 
temperature. Dr. Lee is of the opinion apparently that it is un- 
necessary to observe the stationary value of the e.m.f. before rupture 
but merely to measure the e.m-f. of the couple at the moment of the 
break. In my experience this method can lead to appreciable 
errors, not only in giving, as he mentions, a low e.m.f. due to a 
premature break of the junction, but also a high value as a result 
of the couple wires being drawn together by surface tension of the 
molten bead for a short time before the rupture occurs. The great 
advantage of observing the halt in the e.m.f. value appears to me to 
be that sufficient confidence in the result is gained to justify 
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reliance on a single determination, whereas with the other method 
several determinations would be necessary to establish the validity 
of the result obtained. 

With regard to the question of contaminated couples there does 
not appear to be any real advantage in standardising contaminated 
couples, since it is unlikely that the temperature gradient in the 
standardising furnace will coincide with that along the couple when 
in use. A short furnace or a flame may be used to detect contamina- 
tion, by joining a new similar wire at the hot junction and attaching 
the other ends of the new antl old wires to a galvanometer or potentio- 
meter and passing the wires through the furnace or flame. The best 
check on contaminated couples in liquid-steel temperature measure- 
ment by the quick-immersion method is obtained by a comparison 
in the steel bath of a new and the old couple immersed together in 
the same sheath. This procedure has been recommended and used. 

A discussion on the general shape of the e.m.f./temperature 
curve for the platinum/13°%-rhodium—platinum thermocouple is, 
I feel, outside the scope of the present paper. The reference table 
given here was drawn up for the limited range 1400—1770° C. to meet 
the particular needs of the users of the quick-immersion method 
of liquid-steel temperature measurement, and there is little doubt 
that by its use sufficiently accurate calibrations of this type of 
thermocouple may be obtained. There is some evidence, based on 
observations at the melting points of gold, palladium and platinum, 
to suggest that there is a difference of curvature between the 
e.m.f./temperature relationship of thermocouples of British and 
American origin; there even appears to be a slight difference of 
curvature between the two British makes of couple, as pointed 
out in this paper. The question of the former differences cannot 
be resolved by mere inspection of the reference tables; the problem 
would be best dealt with by an interchange and comparison of the 
thermocouples of the two countries. In view of this it would not be 
advisable to assume identity of curvature in the e.m.f./temperature 
curves of thermocouples of British and American origin by using a 
straight-line deviation from the American reference tables for thermo- 
couples of British origin as suggested by Dr. Lee. 

With regard to the thermo-electric-power/temperature relation- 
ship of the reference curve at present in use at the N.P.L., this is a 
smooth curve, but shows a change from increasing to decreasing 
thermo-electric power towards the top of the range, as does the 
U.S.A. National Bureau of Standards reference table, with which 
it agrees up to 1300° C. It is about 0-4 microvolt per ° C. higher at 
1500° C. and in agreement at 1700° C. The N.P.L. curve has, of 
course, been modified as a result of the present determinations at the 
melting point of platinum. 

To summarise, there is a difference of curvature between American 
and British standard tables of the platinum/13% -rhodium—platinum 
thermocouples in the range 1100—1700° C. amounting to a maximum 
of 3° C. at 1300° C. This may be wholly or partly accounted for by 
real differences between the products of the two countries. 
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THE POSITIONS OF THE CARBON ATOMS 
IN MARTENSITE.* 


By N. J. PETCH, B.Sc., B.Mrt. (CAVENDISH LABORATORY, 
CAMBRIDGE). 


SUMMARY. 


It has been found impossible to obtain direct evidence of the posi- 
tions of the carbon atoms in martensite. Indirect evidence can, 
however, be obtained from the change in cell dimensions with carbon 
content and from the fact that the structure is tetragonal. 

It is concluded that the carbon atoms are at the mid-points of the 
long edges of the martensite tetragonal cell and at the centres of the 
faces perpendicular to them. These positions are crystallographically 
equivalent. In them the carbon atoms are surrounded by octahedra 
of ironatoms. There is never enough carbon in solution for all these 
positions to be filled. This would require 2-0 carbon atoms per unit 
cell, whereas, with the observed maximum carbon content, there will 
be an average of only 0-16 per unit cell. The behaviour is as if, at the 
most, each position were one-twelfth filled. 

The martensite structure is interesting because of its being tetra- 
gonal at all, and because the interstices utilised by the carbon atoms 
are not those which would normally be considered the largest. 


INTRODUCTION. 


Fink and Campbell © first showed that in martensite there are iron 
atoms on a body-centred tetragonal lattice. Evidence of the 
positions of the carbon atoms is, however, lacking. An attempt has 
therefore been made, by annealing at 90° C., to obtain martensite 
giving sharp X-ray lines. From the intensity of these it might be 
possible to obtain direct evidence of the carbon positions. Decom- 
position, however, takes place more readily than line-sharpening. 
The indirect evidence of the carbon positions has, therefore, to be 
considered. = 
Density measurements * ® have eliminated the possibility of 
carbon replacing iron atoms, and the view most generally held is’ 
that the carbon atoms are in the interstices of the iron lattice. 
There is disagreement, however, about which of the interstices are 
used. There have been two proposals, one by Hagg,® the other by 
Seljakow, Kurdjumoff and Goodtzow.” There are three possible 
types of interstices. These are at the centres of triangles, tetra- 
hedra or octahedra of iron atoms. With the cell dimensions corre- 
sponding to 0% carbon, none of them is large enough to accommo- 
date a carbon atom of radius 0-77 A. without displacement of the 
neighbouring atoms. As a consequence, with an increase of carbon 
content there is an increase of cell size. It is not, however, 1m- 
mediately possible to decide where the carbon atoms must be located 


* Received August 19, 1942. 
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in order to give the observed dimensions, because with the practical 
carbon contents only a fraction of the available interstices of any 
kind can be filled. 

In the analogous case of austenite, the carbon atoms enter the 
largest interstices.” In martensite the triangular interstices are 
very much smaller than the others and can be neglected. With the 
dimensions for 0°% carbon, in the tetrahedral interstices the distance 
from the centre to each iron position is 1-60 A., leaving 0-35 A. in 
excess of the iron atomic radius. In the octahedral interstices four 
of the iron atoms are at a distance which leaves 0-77 A. excess. 
_The other two, however, leave only 0-18 A. Assuming atoms to 
behave as hard spheres, the tetrahedral interstices must be con- 
sidered the largest. For this reason Hagg ® concluded that these 
are the ones occupied by the carbon atoms. 

Seljakow, Kurdjumoff and Goodtzow,® however, approaching 
the question from the relationship between austenite and martensite, 


1 

1 

4 O Fe. 
i} 

: ec. 
1 

' 


Fic. 1.—The Tetragonal Representation of Austenite. 


considered that the carbon atoms were at the centres of the faces 
perpendicular to the long axis of the tetragonal cell. The face- 
centred cubic austenite can be represented as a body-centred tetra- 
gonal cell (Fig. 1). .They assumed that during the transformation . 
to martensite the identity of the tetragonal cell was retained, while 
there was adjustment to a smaller axial ratio. They further assumed 
that in austenite the carbon atoms were at the centres of the face- 
centred cubes and that during the martensite transformation they 
remained in these interstices. These are octahedral interstices in 
the location that they proposed. They made no mention of the 
positions at the mid-points of the long edges of the cell, which, 
actually, are crystallographically equivalent. 


Tor CHANGE IN MARTENSITE DIMENSIONS wiTH CARBON 
CONTENT. 


Some useful information about the carbon location can be 
obtained from the change in martensite dimensions with increasing 
carbon content. : 


CARBON ATOMS IN MARTENSITE. OE, 


With the dimensions of carbon-free martensite none of the inter- 
stices is large enough to accommodate a carbon atom without dis- 
placement of the iron atoms. An increase in the size of the inter- 
stices used by the carbon is therefore to be expected as the carbon 
content increases. Consistent measurements of the martensite 
dimensions have been made by Ohman, Honda and Nishiyama, 
Hagg ® and others. The short a axis decreases slightly over the 
observed range of composition, while the c axis increases more 
rapidly. 

In «-iron all the tetrahedral and all the octahedral interstices are 
identical, but in martensite the tetragonal structure results in there 
being two types of tetrahedral interstices and two types of octahedral 
interstices. The dimensions and location of these are shown in 
Fig.2. The variation in size of the interstices with change of carbon 
content is given in Table I. 


9 
Nie 
NIN 


(a) Tetrahedron (6) Tetrahedron 


oO (2) Tetrahedron 
@ (b) Tetrahedron 


oO (2) Octahedron 
e 


m (b) Octahedron 3 
es Aire 
2 = Q 
(a) Octahedron (6) Octahedron 


Fiq. 2.—The Location and Dimensions of the Interstices in Martensite. 
The axial lengths are shown at the side of each interstice. 


TasLE 1—The Variation of the Size of the Martensite Interstices 
with Carbon Content. 


Centre-Iron Distances, A. Interstice— 


Tetrahedral (a). Tetrahedral (6). Octahedral (a). Octahedral (6). , 


No.| 0% O. |1:4% O.|No.| 0% CG. | 1:4% O. | No. 0% O. |1-4% C.|No.| 0% O. 1-4% OC. 


2 | 1-599 | 1-587 | 4 | 1-599 | 1-610 | 2 | 1-430 | 1-420 2 | 1-430 | 1-517 
2 | 1-599 | 1-675 


4 | 2-023 | 2-078 | 4 | 2-023 | 2-008 


In type (a) tetrahedra, Fig. 2, the four iron atoms are all at the 
game distance from the centre of the interstice when the martensite 
is carbon-free. In the presence of carbon, however, although two of 
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the centre-iron distances increase, the other two decrease progres- 
sively. Accommodation of the carbon atoms at the centre of this 
type of interstice is, therefore, very unlikely. In type (6) tetrahedra 
the four iron atoms are always equidistant from the centre, and the 
distance increases with the carbon content. The increase seems too 
slight, however, to make this location probable. _ 

In the octahedral interstices two of the centre—iron distances are 
considerably shorter than the other four. Type (a) octahedra are 
eliminated, since the short centre-iron distances decrease pro- 
gressively as carbon is added. The behaviour of the type (6) octa- 
hedra is, however, more what would be expected to result from the 
presence of carboninthem. The short centre—iron distances increase 
rapidly. The fact that the other four centre—iron distances decrease 
slightly over the observed range of composition is rather unexpected 
but not completely unreasonable. These are distances such as AF, 
Fig. 3, and depend entirely on the separation of A and B, which 


Fig. 3.—The Martensite Structure. 


are held apart by #. In «-iron the distance AF’ would permit 
accommodation of a carbon atom at /' without pressure on A. 
There would, however, be considerable pressure on H. It is impos- 
sible to predict what secondary adjustments in dimensions would 
result from displacements of atoms such as H when only a few F 
positions are filled. There would, however, be a definite tendency 
for AF to decrease, since the separation of # from A and B is 
increased. Little decrease would be possible, owing to pressure by 
the carbon atom on A. 

Consideration of the martensite dimensions thus reduces the 
possible location of the carbon atoms to type (b) tetrahedra or type 
(6) octahedra, and the latter appears the more probable. 


THE TETRAGONAL STRUCTURE OF MARTENSITE. 


It seems possible to make a decision between the octahedral and 
the tetrahedral interstices from the fact that the martensitic super- 
saturation of «-iron results in a tetragonal structure. . 
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Seljakow and his co-workers considered that this effect was 
merely due to the low concentration of carbon. Their argument is 
as follows: If all the octahedral interstices in «-iron are filled a 
cubic structure will result. With the practical composition, how- 
ever, only a fraction of the interstices can be occupied, and, at any 
instant, there will not be more than one interstice occupied per unit 
eell. In Fig. 3, with the martensite dimensions, insertion of a 
carbon atom at F will exert a pressure on tle iron atom at the centre 
of the cell, but not on those at the corners. There will be no other 
carbon atoms in the unit cell. Thus there will be need for expansion 
ofthe cell in the direction AD, but not in the directions at right 
angles, and a tetragonal structure will result. 

This explanation of the tetragonal structure is not satisfactory. 
If carbon atoms are considered to be randomly distributed amongst 
a number of unit cells, in some the expansion will be in the direction 
AD, but in others in the directions AB or AC. X-rays will show 
the average of these distortions, which will not give a tetragonal 
structure but will appear merely as an expansion of the cell, with 
the retention of the cubic structure. When there is not enough 
carbon in solution for all the equivalent interstices to be filled, the 
resultant effect is as if each is partially filled. 

The tetragonal structure can be satisfactorily explained in the 
following manner: In «-iron all the octahedral interstices are 
equivalent. If all are partially filled a cubic structure results. A 
tetragonal structure can only be obtained, using the octahedral 
interstices, if, in spite of their equivalence, a differentiation is made 
amongst them and only selected ones are utilised by the carbon 
atoms. Ifa particular axial direction in the cubic structure is chosen 
and only the octahedral interstices at the mid-points of the edges 
parallel to this direction and at the centre of the faces perpendicular 
to this direction are utilised, a tetragonal structure results. The 
chosen direction then becomes the c axis. The octahedral interstices 
utilised are of the type (0), which, it has been seen above, are satis- 
factory from the point of view of the change in dimensions with 
increasing carbon content. Thus, by selective utilisation of the 
octahedral interstices the tetragonal structure can be obtained. 

When, however, the tetrahedral interstices are considered, the 
tetragonal structure decides against them. Again, in the cubic 
structure all the tetrahedral interstices are equivalent, and if they 
were all partially filled the cubic structure would be obtained. It 
has already been seen that only the (b) tetrahedral interstices are 
possibilities. But no matter how the tetrahedral interstices are 
selectively filled, the tetragonal structure of the observed type 
cannot be obtained. 

The conclusion from the indirect evidence is, therefore, that the 
carbon atoms are in the octahedral interstices at the mid-points of 
the long edges of the martensite tetragonal cell and at the centres of 
the faces perpendicular to them. These positions are tial aes 
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graphically equivalent. This structure is shown in Fig. 3. There 
is never enough carbon in solution for all the positions to be filled. 
This would require 2-0 carbon atoms per unit cell, whereas, with the 
observed maximum carbon content, there will be an average of only 
0-16 per unit cell. The behaviour is as if, at the most, every inter- 
stice was one-twelfth filled. 

This structure of martensite has a number of interesting features. 
Particularly interesting is the question why there is, as a result of 
supersaturating «-iron, a tetragonal structure at all. Why does 
the differentiation arise between the octahedral positions, which, 
from the point of view of «-iron, are completely equivalent? <A 
possibility is that the carbon positions are controlled by the relation- 
ship between austenite and martensite. This transformation is 
almost certainly accomplished by an atomic gliding, during which 
it is possible that the carbon atoms cannot escape from the interstices 
that they occupy in austenite. Such a view, however, must remain 
purely speculative while there is the present lack of an exact know- 
ledge of the atomic mechanism of the austenite—martensite trans- 
formation. 

Another interesting question is why the octahedral interstices 
are used instead of the tetrahedral ones, which are larger. It would 
be a very simple matter for a carbon atom to move from an octahedral 
position. All that is necessary is that it should move aside from 
between the two iron atoms most closely pressing upon it. Perhaps 
the assumption that atoms behave as hard spheres is not always the 
correct picture. The octahedral interstice, with two short and four 
long centre-iron distances, may actually be effectively larger for 
carbon accommodation than the tetrahedral with four medium 
centre—iron distances. 


OTHER THEORIES OF MARTENSITE. 


There have been various suggestions, for instance by Desch ‘ 
and Sauveur,® that martensite consists of «-iron with a very fine 
precipitate of cementite. If, however, there were actual separation 
of the cementite, there would be no reason for the tetragonal 
structure. 

In some cases of precipitation, for example CuAl,, an intermedi- 
ate stage occurs in which there is no actual separation from the parent 
lattice. Where there is such an association of the lattices, one of 
the structures may be affected to a certain extent. The normal 
effect is, however, on the precipitated structure, hence this could not 
explain the distortion of «-iron into a tetragonal structure, since the 
«-iron would be the parent lattice. The distortion from the cubic 
structure could arise if there were carbon atoms partially inter- 
stitial in the «-iron, in the plane, common to the cementite and 
a-iron. It is, however, difficult to see how there could be any 
such fitting together of the known cementite and martensite lat- 
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tices. Against any suggestion of cementite formation there is the 
fact that it implies a certain amount of diffusion of the carbon atoms. 
This is rather inconsistent with the extreme rapidity of the reaction 
and its independence of the cooling rate. It is not impossible, how- 
ever, that, on account of the ease of the tempering action, most 
martensites contain a certain amount of precipitated cementite. 
Honda and Nishiyama ® have proposed a cubic #-martensite, 
but strong evidence against this has been put forward by Hagg.® 


The author would like to thank Professor Sir Lawrence Bragg, 
F.R.S., and Dr. H. Lipson for their criticism and their interest in 
this work. The subject forms part of a programme of research 
supported financially by the Iron and Steel Research Council. 
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CORRESPONDENCE. 


Mr. Taytor Lyman (University of Notre Dame, Notre Dame, 
Indiana, U.S.A.) wrote: The author refers to two earlier proposals 
for the positions of the carbon atoms in tetragonal martensite. 
Ohman! and Johansson? also have offered suggestions. The 
existence of C, groups in the interstices of the iron lattice, as suggested 
by Ohman, appears improbable. The structure suggested by 
Johansson is deserving of mention, especially because of its similarity 
to that proposed by Petch. Fig. 66 of Johansson’s paper shows, 
in fact, the same interstitial positions in the tetragonal cell as are 
drawn in Fig. 3 of this paper. Johansson’s “ r’-spaces ” correspond 
exactly to the ‘“ (b) octahedron ” interstices of Petch. (It is to be 
noted that there is a confusion of terms in Johansson’s paper. 
The positions called r and r’ in the text are given as y and y’, 
respectively, in his Fig. 6. There can be no uncertainty as to the 
meaning; the symbols y and y’ do not appear at all in the text.) 
Johansson thought it especially noteworthy that it is only when the 
r’-spaces, and not the other octahedron interstices, are considered 
that a tetragonal structure is produced. Apparently he regarded 
the mechanism of martensite formation as consisting of a contraction 
along the c axis of the pseudo-body-centred tetragonal austenite and 
expansion in the two a directions to produce tetragonal martensite 
having the observed cell dimensions, for he stated that if his sug- 
gested structure were real, martensite could be formed from austenite 
without carbon movement. 

Much has been written about mechanisms whereby austenite 
transforms to martensite and the author states on p. 226 P that the 
transformation is almost certainly accomplished by atomic gliding, 
during which it is possible that the carbon atoms cannot escape from 
the interstices that they occupy in austenite. It is of interest to 
examine the author’s proposed structure of martensite in connection 
with the most recently advanced mechanism of martensite formation, 
that of Greninger and Troiano.? This mechanism is the only one 
available which predicts both the lattice relationships of austenite 
and martensite and the orientation habit of the martensite plate 
with respect to the austenite lattice. It is based upon an X-ray 
and microscopic study of the martensite transformation in steels 
containing about 22% of nickel and 0-8% of carbon. According to 
Greninger and Troiano, the martensite crystal is formed from an 


austenite crystal almost entirely by means of two homogeneous 
shears. 


1 EK, Ohman, Journal of The Iron and Steel Institute, 1931, No. I., p. 445. 

- be H. Johansson, Archiv fiir das Hisenhiittenwesen, 1937-38, vol. 1 
Pp. - : 

* A. B. Greninger and A. R. Troiano, American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 1338. A summary of this 


paper has been published in Transactions of the American Institute of Mining 
and Metallurgical Engineers, 1941, vol. 145, p. 289. 
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A homogeneous shear on the plane of the martensite plate (the 
habit plane, which is a high-indices plane in the matrix austenite) 
in the average experimentally determined direction and through an 
angle of 11°, followed by a second homogeneous shear on the (112) 
martensite plane in the [111] direction, with the shear angle equal to 
13°, results in the (020) austenite plane becoming (within 1° in 
orientation) the (110) plane of the tetragonal martensite lattice. 
It seems safe to assume that all carbon atoms in austenite are on 
(020) planes. If the carbon atoms take part in the shearing move- 
ments of martensite formation they will then be located on (110) 
martensite planes after transformation by this mechanism. Accord- 
ing to Petch’s Fig. 3, all carbon atomsare on (110) planes of martensite. 
Furthermore, in none of the other three types of positions (types 
(a) and (b) tetrahedral and type (a) octahedral) considered by the 
author do any of the carbon atoms occur on the (110) plane of 
martensite. 

: This result, that only type (b) octahedral positions will be 

occupied, can be obtained by transforming the austenite lattice 
stereographically, since only the movements of planes are considered. 
Information concerning the movements of any given atom during 
transformation can be obtained by methods of descriptive geometry, 
which in the present case are laborious to carry out. 

It should be stated explicitly that the following three assumptions 
have been made : 


(1) That the carbon atoms in austenite are in the largest, 
i.e., the octahedral, interstices, and therefore lie on (020) 
austenite planes. 
(2) That the Greninger-Troiano mechanism is operative. 
(3) That the carbon atoms undergo the same shearing 
\ movements during martensite formation as the iron atoms 


do. 


The author has remarked that the martensite structure is 
interesting because of its being tetragonal at all. In this connection, 
Greninger and Troiano state: “For the transformation face- 
centred cubic to body-centred cubic [by shear], a pseudo body- 
centred tetragonal lattice of axial ratio greater than one will always 
form. .. . The continuation of the transformation to the final 
cubic form may be hindered by the presence of certain solute atoms ; 
notably, carbon is responsible for the retention of the tetragonal 
lattice of martensite in steel. For the martensite transformation 
in iron-nickel alloys, the tetragonal stage is not retained.” 

From the point of view of formulating a complete statement of the 
atom movements which take place when martensite transforms to 
cementite (or to crystal structures transitional to cementite) during 
tempering, knowledge of the positions of the carbon atoms in 
martensite is also of importance. (X-ray evidence for a transition 
structure in tempered iron-carbon alloys containing 1-4% of carbon 
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has recently been advanced by Arbusow and Kurdjumow.*) 
When the mechanism of the change from tetragonal martensite to 
a -+ Fe,C is better understood an explanation of the property 
changes during tempering may be possible. It may be mentioned. 
that the author’s martensite structure is not inconsistent with the 
views of Honda and Nishiyama as to the existence of two forms of 
martensite. 


AUTHOR'S REPLY. 


The AuTHoR wrote in reply: I would like to thank Mr. Taylor 
Lyman for his careful examination of this paper. Ohman’ssuggestion 
of C, groups was not mentioned, as it appeared rather improbable ; 
Johansson’s support for the proposed structure of martensite had, 
however, been overlooked. 

Johansson’s statement about forming the martensite structure 
from austenite without carbon movement is not clear. On Mr. 
Taylor Lyman’s interpretation the mechanism of Seljakow, Kurdju- 
moff and Goodtzow is assumed. This mechanism is too simple. 
Although the austenite-martensite transformation is in effect a 
reduction of the c axis of the pseudo-body-centred tetragonal 
austenite and an expansion in the a directions, it is not merely a 
movement of the iron atoms together or apart, but involves certain 
glide movements of planes of atoms. Consequently, for example, 
basal planes of tetragonal austenite may or may not become 
basal planes of martensite, depending upon the transformation 
mechanism. The carbon location will thus depend upon the 
details of the mechanism. The analysis showing that the proposed 
structure would result from the operation of the Greninger- 
Troiano mechanism, assuming that the carbon atoms do not escape 
from the interstices that they occupy in austenite, is very interesting. 
Thad contented myself with considering that the martensite structure 
might arise from the trapping of the carbon atoms, and had refrained 
from adopting any particular mechanism for the transformation, 
since the previous paper by Greninger and Troiano? leaves this 
matter unsettled for plain carbon and low-alloy steels. 

Mr. Taylor Lyman points out that the Greninger-Troiano 
mechanism has a body-centred tetragonal cell as a necessary inter- 
mediate step in the y-« transformation. It is still remarkable, 
however, that the carbon can prevent completion of the change 
to a body-centred cubic structure. If the carbon atoms moved 
aside from between the iron atoms most closely pressing upon them 
into the larger tetrahedral interstices, the change could be completed. 


1 M. Arbusow and G. Kurdjumow, Journal of Physics (U.S.S.R.), 1941, 
vol. 5, pp. 101-108. 
* Greninger and Troiano, American Institute of Mining and Metallurgical 


pie eee Technical Publication No. 1212: Metals Technology, 1940, vol. Up 
ug. 
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This raises a point that was perhaps not made clear in the paper. 
The tetragonal structure might be merely the particular step in the 
glide movement at which the y-« transformation is arrested when 
martensite is formed. The structure might be unconnected with the 
presence of carbon atoms, except in so far as in their presence the 
transformation is arrested at this step. The observed type of varia- 
tion of axial ratio with carbon content shows, however, that the 
tetragonality is a direct result of the presence of the carbon atoms 
in the lattice, and reflects the displacement of the iron atoms which 
is produced by them. 

The proposed martensite structure is not inconsistent with the 
possibility of the existence of a cubic martensite such as that 
proposed by Honda and Nishiyama. Indeed, as pointed out, 
movement to tetrahedral interstices appears very easy. Hagg’s 
work, however, must not be forgotten. 
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A REVIEW OF BASIC OPEN-HEARTH 
_PRACTICE AT AN AUSTRALIAN PLANT. 


By R. L. KNIGHT (Avstratian [Ron AND STEEL, Lrp., Port Kemsna, 
N.S.W., AUSTRALIA). 


(Figs, 10 to 13 = Plates IV, and V.) 


SUMMARY. 


The author gives a comprehensive description of the plant and 
practice at the steelworks of Australian Iron and Steel, Ltd., Port 
Kembla. The plant is situated within 15 miles by rail of several col- 
lieries owned by the Company; the limestone is brought 74 miles 
by rail from Marulan; red hematite ores, low in phosphorus, are 
shipped from the Whyalla deposits to Port Kembla, which is about 
1070 miles. The open-hearth department consists of seven fixed 
furnaces varying from 160 to 240 tons capacity and a 1200-ton hot- 
metal mixer, the latter receiving metal from 70-ton transfer ladles 
filled from 120-ton ladles hauled from the blast-furnaces. The open- 
hearth furnaces are fired with either tar and coke-oven gas or pro- 
ducer gas and coke-oven gas. They all comply with accepted 
modern standards relating to water-cooling and are equipped with 
modified Blair ports and water-cooled straight-line gates and valves. 
The tar is fed at 40 Ib. per sq. in. and 200° F., with steam for 
atomisation at 60-80 Ib. per sq. in. and 325° F. The outstanding 
features of the furnace practice are the high hot-metal/scrap ratio, 
the heavy ore charge (448 Ib. per ton) and the low flux rate. The 
furnaces are therefore subject to violent and protracted ore boils, 
resulting in a heavy carry-over of solid particles in the waste-gas 
stream; in spite of this, three of the furnaces have produced ingots 
at a rate exceeding 21 tons per hr. During ten years’ working 


improvements in design enabled the 230-ton and 240-ton fixed 


furnaces to be built which can carry such burdens continuously for 
campaigns exceeding 36 weeks. Details of these improvements in 
hearth, slag-pocket and checker-chamber design are given. Five of 
the seven furnaces are all-basic except for the roof and downtake 
arches; 95% silica bricks are used for the roofs, the life of which 
varies with the type of fuel; an average roof life is 370 heats on 
producer-gas-fired units. Comprehensive descriptions of stockyard 
operations; charging, melting and tapping practice ; ingot-mould 
design and preparation; slag control; and the production of phos- 

horised sheet bars, of rimming steel and of alloy and forging steels 


constitute the last part of the paper. 


Introduction. 


acity of Australian steelworks 


Durie the past decade the ingot cap 
twenty open-hearth furnaces 


has been increased greatly. To-day, 
have an annual capacity of 1,750,000 tons. Based on a 75% overall 


yield, this represents an annual consumption of 420 lb. of steel per 
head of population. The total capital investment 18 about 


1 Received August 19, 1942. 


KNIGHT: A REVIEW OF 


234 P 


‘quoujsedeg yyasox-uedg oYy YsnoIYyy UOI4WDeg-ss0IN—'T ‘DIT 


Id 100 


Je) 
JafSuel/ 
qobuy 


UPL) a/Pe7] UO{-GL/ 


JS 


BASIC OPEN-HEARTH PRACTICH AT AN AUSTRALIAN PLANT, 235 P 


£16,000,000, and the development of Australia as an industrial nation 
can be attributed mainly to the growth of this industry. 

Little information has appeared in steel literature abroad con- 
cerning Australian practice, some features of which have been 
developed to suit local conditions. 

The Port Kembla plant of Australian Iron and Steel, Ltd., built 
since 1928, is the most modern in the country. The open-hearth 
shop of seven furnaces has an annual capacity of 750,000 tons of 
steel ingots. 

For economic reasons steelmaking at Port Kembla has been based 
on a high hot-metal furnace burden, which carries up to 450 Ib. of 
iron ore per ton of ingots. The smelting of a rich ore, low in phos- 
phorus and not low in manganese, in the blast-furnaces provides a 
pig iron of excellent chemical and physical characteristics for basic 
open-hearth operations. In addition, the open-hearth is supplied 
with limestone and lump manganiferous feed ore of high quality. 
These factors combine with a flexible arrangement of suitable fuels 
fired to furnaces of modern design to ensure a practice notable for 
quality, high tonnage rates and low cost. 

The Port Kembla plant is a unit of an organisation with rami- 
fications wide enough to make it practically independent of the 
world’s markets for all essentials to the manufacture of every type 
of high-grade steel. 


Location of Plant. 


- The plant is situated at Port Kembla, N.S.W., 56 miles by rail 
south of Sydney and near to the most southern outcrop of the vast 
Newcastle Coal Measures. The Company’s railroad extends 2 miles 
to Port Kembla harbour, where there are modern facilities for 
unloading iron ore from Whyalla, South Australia, and loading the 
steelworks’ products. 

Limestone is railed from Marulan, N.S.W., 70 miles inland. 
Coal supplies are drawn from several collieries owned by the Company 
on the southern field within a 15-mile radius of the works. Cooling 
water is pumped from a salt-water channel driven direct to the sea, 
and soft water is obtained from the Cordeaux dam, which is one of 
the sources of Sydney’s supply. 


Plant Layout. 


Fig. 1 illustrates a cross-section of the open-hearth department, 
consisting of seven stationary furnaces. Table I. shows the 
nominal capacity of each furnace, the year of construction, the bath 
depth, and the flexibility of the plant with reference to fuel. 

From Fig. 1 it will be noted that the gas house is 130 ft. from the 
melting-shop building, and the furnace gas mains pass beneath the _ 
intervening stockyard. Producer gas is made in eight 11-ft. dia. 
Wellman-Smith-Owen turbine-blown gas machines, each with an 
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hourly gasification capacity of 7,000 lb. of good bituminous gas coal. 
The producers are paired to fire B, C, D and E furnaces if so required. 
The coal required per week to operate four furnaces on mixed 
producer and coke-oven gas is 1,800 tons. A 5-ton gantry crane 
operating with a suitable grab bucket elevates coal from an adjacent 
2,500-ton storage bin to the producer feed hoppers and loads out 
producer ashes as required. The gas house is equipped with 
modern instruments and all the facilities necessary for the constant 
flow to the furnaces of gas of the required quality. 


TasLe I.—Open-Hearth Furnace Data. 


Bath : 
Fur- fed Oapacity. Fuel. D ee Regenera- Tapping 
nace Tons per tors. Launder. 
pleted. DEAE In. 
A 1939 230 Tar and coke-oven gas only. “ Double Bifureated. 
B 1931 200 * 
Producer gas and coke-oven ” Pa 
S aes ae gas. Secondary fuel, tar re ” Single. 
BE 1937 160 and coke-oven gas. 35 2 » 
” ” 
F 1940 230 = 40 Single. Bifurcated. 
G 1941 240 } Tar and coke-oven gas only. { 44 . %y 


The stockyard, 630 ft. x 100 ft., is served by two 15-ton com- 
bination magnet and crate lifting cranes. A standard-gauge track 
runs through the yard, and the stocking cranes unload interworks 
scrap into pans of 36 cu. ft. arranged three to a crate. By lowering 
a motor-operated pair of lifting arms which engage the hooks on the 
crate, the cranes lift the stock to the charging benches opposite the 
furnaces. 

The furnace bay is 765 ft. long with a span of 80 ft., and the 
charging floor elevation is 18 ft. above ground level. The furnaces 
are charged by two oyerhead revolving-type machines, each of 5 
tons capacity. Hot metal is handled by a 100-ton crane with an 
auxiliary hoist of 15 tons. 

At the western end of the building is a 1,200-ton Pennsylvania- 
type hot-metal mixer, which receives metal from 70-ton capacity 
transfer ladles filled from 120-ton Pugh-type ladles hauled from the 
blast-furnaces. A photograph of this mixer appears in Fig. 10. 
The mixer is lined with high-alumina bricks with a softening point of 
1680° C. which show no after-contraction when heated for 2 hr. at 
1400 C. All iron delivered to the mixer and furnaces is weighed 
over a 100-ton bridge. 

An electrically operated fettling machine runs on a broad-gauge 
track immediately in front of the furnaces. This machine is 
invaluable for “ back-walling”’ units 18 ft. wide from bank to bank. 

The main furnace columns are at 90-ft. centres, and experience on 
this plant indicates that the present trend abroad to build on 100- 


105-ft. centres for furnaces of 150 tons capacity or more is sound 
practice, 
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All furnaces comply with accepted modern standards relating 
to water-cooling and are equipped with modified Blair ports and 
water-cooled straight-line gates and valves. 

The casting bay, 945 ft. long and 67 ft. wide, is served by two 
ladle cranes of 275 tons and 175 tons capacity, respectively. There 
is also a 45-ton general-purpose crane. Tapped steel runs by either 
straight or bifurcated spouts into 160-ton capacity conical double- 
stoppered ladles of riveted construction. Sixteen ladles are in use. 
Ingots are cast into moulds on fixed stools in single line, and 
reference to Fig. 1 shows the arrangement of the two combination 
wall-type stripping and transfer cranes. These machines are 
supported on track-wheels on a monorail 3 ft. above pit-floor level 
and on the soaking pits side by an overhead rail. Sufficient 
clearance above the stripping machine superstructure has been 
provided to allow freedom of ladle-crane movement. 

Ingots are stripped and transferred between the openings of 
building columns direct to the soaking-pits transfer car, which 
operates on a broad-gauge track parallel to the casting bay. 


Fuel. 


Full advantage is taken of the fuel flexibility of the melting shop, 
as shown in Table I., to maintain tonnage rates, control fuel con- 
sumption and improve repairs and maintenance costs. It is well 
known that an “aged” producer-gas-fired furnace responds in a 
remarkable fashion when switched to high-pressure fuels, viz., tar 
or oil. Records of this plant contain many instances of gas-fired 
furnaces 26-30 weeks old leaking badly through the midfeathers, 
being changed to tar and coke-oven gas and showing an immediate 
improvement in fuel rate of almost 50%. The tonnage per hour is 
also substantially increased, and this practice has an undoubted 
beneficial effect, not only on the open-hearth but also in the mills, 
because the flow of ingots is better balanced. 

Hence, following the installation of a battery of Otto-Wilputte 
underjet-fired by-product coke-ovens in 1938, the open-hearth 
department was completely piped for tar and coke-oven gas. The 
effect on steelmaking economy was immediate, and a programme of 
necessary modifications in furnace design was commenced at once. 


(a) Tar. 
The tar fired has the following properties : 
Specific gravity at 60° F., 1-19. 


Distillation : 
0-200°C. . 1-:0% by weight. Naphthalene . 6:9% 
200-2304Co8 « 52% » Free carbon 6:0% 
930-270° OC. =: 10°89 rf Sulphur . 04% 
9710-3002 Oh — GG Ss Water . 14% 
Total oils . 23:1% ss 


Calorific value, 190,000 B.Th.U. per gal. 
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Storage is available at the coke-ovens for 300,000 gal. in three 
tanks. These tanks are steam-heated and tar is drawn off at the 
surface by floating suction pipes. Tar is railed to the open-hearth 
in 10,400-gal. steam-heated tank cars and pumped from them to two 
10,000-gal. tanks at the open-hearth pump house. 

The tankers are emptied by two 3-throw tar pumps each of 
3,000 gal. per hr. capacity, and the 4-in. delivery main to the 
furnace is served by three steam-jacketed rotary gear pumps, each 
of 1,250 gal. per hr. capacity. The average operating pressure is 
105 Ib. per sq. in. at 140° F. On the furnace delivery main is a 
4-in. Autoclean steam-jacketed tar strainer driven by a }-h.p., 
710-r.p.m., geared double-reduction motor. 

A duct beneath the scrap-yard carries the 4-in. furnace main and 
a 3-in. surplus tarreturn main. The 4-in. tar main is carried under 
the charging floor for the full length of the shop, and delivery and 
return mains are lagged together with a l-in. steam-pipe. Super- 
heated steam at 350° F. is obtained from tubes in the furnace stack 
flues and led to the tar and steam manifolds at the control panels of 
the furnaces. 


At each furnace a 2-in.tar delivery pipe is taken off the mainand ~ 


passes through the roof-temperature control valve, tar flowmeter, 
tar heater and pressure regulator to the manifold. The manifold 
passes the fuel through a 14-in. steam-lagged line to each end of the 
furnace. 

The burners are designed to burn a stream of hot tar at high 
pressure surrounded by a layer of coke-oven gas. The burner 
consists of two cylindrical solid-drawn tubes with an end-plate 
connecting both. Cooling water is fed between the inner and outer 
tubes. Tar from the atomiser is blown through a 14-in. pipe to a 
#-in. dia. machined nozzle at the burner nose, and the coke-oven gas 
flows around this pipe in the inner tube. 

Tar at 200° F. is burned at 40 Ib. pressure, with steam for 
atomisation at 60-80 lb. pressure and 325° F. While it is not 
claimed that such burners give ideal results, excellent economy has 
been obtained by their use. The upkeep is negligible, and, when 
carefully attended, first-class flame conditions result. On Kembla 


furnaces best figures are obtained with an hourly consumption of a- 


minimum of 150 gal. of tar and the balance of the heat input made 
up with coke-oven gas. 


(b) Coke-Oven Gas. 


The average composition and heating value of the coke-oven gas 
fired to the open-hearth furnaces are : 


Specific gravity, 0-360. 


Oxygen . - 0:2% by volume. Methane . 27:7%b 1 ‘ 
Carbon dioxide . 2-797 4 a Tluminants es: ane 
Carbon monoxide 7:6% 39 Nitrogen . 3:0% 
Hydrogen - 56-84% - 


Calorific value, 530 B.Th.U. per cu. ft. 


> 


> 


— 
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_ A 30-in. dia. branch main from the coke-oven steelworks supply 
line brings the gas to the department. Small downcomers are 
taken off for ladle drying, tap-hole runners, &c., and a 24—28-in. 
main is run the full length of the shop just beneath the eaves of the 
roof and immediately above the furnace control panels. Down- 
comers of 12-in. dia. carry the gas down through the motorised 
butterfly valve for roof temperature control. Branch mains, con- 
trolled by hand-operated valves within easy reach of the control 
boards, lead the gas to the furnace ends. An 8-in. tube takes the 
gas to the composite burners. In order to maintain accuracy of 
flame diameter the coke-oven-gas nozzle velocity is fairly high, 
265 ft. per sec. at 7 in. water-gauge pressure. An illuminated gas 
* pressure indicator is visible from all sections of the charging floor, 
and the pressure within the system fluctuates between 8 and 20 in. . 
water gauge, depending upon interplant conditions. The proportion 
of the total heat input to the furnaces derived from coke-oven gas 
and tar varies within wide limits. A furnace requiring 55 x 10° 
B.Th.U. per hr. would be fired as follows : 


Tar: 150 gal. per hr., 200° F. temperature, 40 lb. pressure, atomised with 
steam at 70 lb. pressure, and 

Coke-oven gas: 50,000 cu. ft. per hr. : & 

Heat input derived from tar, 51-8%; from coke-oven gas, 48-2%. 


Should increased heat input be required the tar supply would be 
stepped up. Higher proportions of coke-oven gas are not encouraged, 
because experience has shown that when fired at rates exceeding 
50,000 cu. ft. per hr. it tends to “ fly” badly to the roof, causing 
overheating. 


(c) Gas Coal. 

Typical of the gas producer fuels is that drawn from the Kembla 
colliery, 6 miles distant. The coal is mined from the southern area 
of the Newcastle Coal Measures. Unfortunately from the producer- 
gas point of view, most of the coals are essentially steam coals with 
strong coking properties. An alternative gas coal is obtained from 
the Company’s mine at Lithgow, N.S.W., in the Western Coalfield, 
150 miles distant by rail. This may be considered a slightly better 
gas-machine fuel than the local coal, but each is much inferior as a 
gas coal to the coals mined from the Greta seam in the Maitland 
district. 

A comparison of the gas-coal analyses is given in Table II. The 
ash composition and laboratory tests indicate that Mount Kembla 
coal can be operated with a low air-steam mixture saturation 
temperature, but in practice the temperature must be kept: around 
140° F. for safety. It is also slow to burn in the machine, and these 
two factors are chiefly responsible for the low gasification rates and. 
low “ hot ” machine efficiencies with this class of coal. The calorific 
value of producer gas made with local coal is 150 B.Th.U. per cu. ft., 
the gas containing 7-9% of CO». The maintenance of satisfactory 
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Taste Il.—Comparison of Gas-Coal Analyses. 
Analyses on dry weight. 


Coalfield : Illawarra. Waders: Greta. 
Colliery : Mount Kembla. Lithgow Hebburn. 
Steelworks. 

Size : 2-in. Cobbles. 2-in. Cobbles. Cobbles. 
Ash, % : : : : ie 13 7 
Volatile vatter <0) 0 De 23 31 43 
Fixed carbon. % . 3 : 66 56 50 
Calorific value. B.Th.U. per lb. 12,990 12,600 13,760 
Ash fusion temp. °F... 2,990 3,000 2,380 | 


producer operation with the fuels available necessitates constant 
supervision. 


Raw Materials. 


Table III. shows the compositions of the raw materials available 
to the open-hearth. 

(a) Iron Ore.—Ore is drawn from the famous Whyalla deposits in 
South Australia and shipped approximately 1,070 miles to Port 
Kembla. Two modern unloaders transfer the ore into 60-ton steel 
bottom-dumping cars, which are then hauled the 2 miles to the 
works. As is evident from the Table, the open-hearth has an 
excellent selection of high-grade ore at its disposal. Most of the ore 
used in the steelmaking burden and feed is lump manganiferous, 
but the type of ore used is varied according to the grade of steel 
required. 

The ores are red hematites, low in phosphorus, and they range in 
manganese content from 0-5 to 30%. All open-hearth ore is 
screened to + 1 in. before use, the fines being incorporated in basic 
blast-furnace burdens. Screened ore is loaded directly from bins 
beneath the screens into charging pans. 

(b) Limestone.—The limestone, which is of exceptional purity, 
‘comes 74 miles by rail from the Company’s quarry at Marulan, 
N.S.W. Open-hearth limestone is well sized to 5-8-in. ring and is 
free from adherent earthy matter. The large stone is best for open- 
hearth use. It does not agglomerate on the furnace bottoms as 
fines would do, and it comes up freely in the later course of the heat. 
Limestone is dumped directly into pans by the stockyard cranes 
from bottom-dumping hoppers. 

(c) Burnt Magnesite —Magnesite quarried at Fifield, western 
New South Wales, has been used for many years by the Australian 
steel industry for bottom-making. Some small consignments of 
foreign magnesite were imported in the past. All Kembla bottoms 
contain the Fifield mineral and give satisfactory service. Z 

Preparations are being made to use this magnesite with chrome 
ore for the manufacture of metal-cased shapes for basic construction. 
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(d) Raw and Burnt Dolomite—Raw dolomite is mined at Mount 
Fairy, near Goulburn, N.S.W., and crushed at the steelworks to 3-in. 
maximum. It is used exclusively for slag-line fettling and making 
up door sills. ; ; 

Burnt dolomite procured from an independent source is used, 
alone or mixed with magnesite, for rapid, light repairs to bottoms 
and unusually impaired slag lines. f 

(e) Bauaite—During the past two years bauxite has replaced 
fluorspar as a flux in Kembla open-hearth operations. Obtained in 
pisolitic form, it is cheap but only about one-third as effective as 
fluorspar. As a general rule ore is used to break up lime, and the 
quantity of bauxite used does not exceed 2 Ib. per ton of ingots. 


Furnace Burden. 


Before proceeding to a discussion of furnace design it will be 
instructive to consider a typical burden sheet for a 230-ton heat of 
structural steel. The charge is as follows : 


Material. Tons. Total Metallics. %. 
Mill return scrap. Z . = 35 13-5 
Mixer metal . : é 4 195 75-6 
Manganiferous ore (60% Fe) . = 46 10-7 
Limestone ; E : a - 11 ae 
Recarburisers ‘ 0-5 0-2 


Limestone, 107 lb. per ton of ingots. 


The outstanding features of such a furnace burden are the high 
hot-metal/scrap ratio, the heavy ore charge (448 lb. per ton) and the 
low flux rate. These furnaces, therefore, are subject to violent and 
protracted ore boils, resulting in a heavy carry-over of solid particles 
in the waste-gas stream. It is interesting to note here that with 
such a practice three of the furnaces have produced ingots at a rate 

exceeding 21 tons per hr. 


Furnace Design. 


During the past ten years improvements in design have been 
effected that have enabled large stationary furnaces to be built, 
which carry such burdens continuously for campaigns exceeding 36 
weeks. High production rates are maintained with low repair, 
maintenance and rebuilding costs. 

Compared with the first unit, which commenced to operate in 
1931, the following features are incorporated in the construction of 
furnaces F and G, designed and built since 1939 : 


(a) Since the melting shop main building columns are on 
90-ft. centres, bath areas could not be increased substantially 
without constricting critical areas necessary to generous end 
design. Hence, the average bath depths have been increased, 
to enable furnaces to tap larger heats. * 

Despite adverse criticism in some quarters abroad, the 
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so-called deep-bath furnaces are an outstanding success in 
Australia and are noted for high tonnage rates and low costs. 

(b) Modifications to furnace lines over the melting chamber, 
throat and ends have been effected to maintain a silica-roof life 
of 350 heats without retarding the steelmaking rate. 

(c) A generous treatment of critical areas throughout the 
furnace and ancillaries has been adopted to keep unit gas 
velocities within desired limits. This has had the desired 
effect of maintaining keener-working furnaces and reducing 
costs of refractories. 

(d) Basic ends were constructed to inhibit the fluxing of 
refractories and minimise slag-pocket accumulations. 

(e) Suspended rigid roofs balanced for even distribution of 
stress were built. 

(f) Two slag notches were provided to take care of flush slag. 

(g) Slag-pocket design was improved and greatly increased 
capacities were introduced to enable furnaces to operate for 
long periods without stopping to remove accumulations. 

(h) Regenerator design was developed to obtain satisfactory 
gas distribution and provide heating surface capacities com- 
mensurate with hourly tonnage rates. Stack temperatures 
were lowered and fuel figures improved. 

(i) The two latest furnaces F and G@ (Figs. 4 and 5) were 
built with single slag-pockets and regenerators. It is believed 
that the span of the regenerator arches approaches the largest 
yet tried. They are in excellent shape after two years’ service. 

(j) Modifications of checker-tile design and openings have 
been applied to facilitate routine cleaning and promote long- 
term maintenance of draught. 

(%) Cleaning tunnels have been constructed beneath slag- 
pockets, giving access to the regenerator runner wicket through 
which dust is either removed or blown towards the stack. 

(1) Runners beneath regenerators have been made much 
larger. i 

(m) The flues between regenerators, valves and main stack 
flue are not filled in, and remain accessible. Flues and valves 
are placed in a well illuminated chamber covered at valve-pit 
level with floor plate. Numerous wickets provide quick access 
to runners and valve seats. , 

(n) The large furnaces have been equipped with bifurcated 
tapping spouts, splitting the heats into two ladles. 


Results undoubtedly justify the efforts that Kembla has directed 
to the establishment of a balanced furnace. 

Table IV. shows the development in design during the past ten 
years. It is evident that the producer-gas furnaces have not 
received as much attention as the fixed-fuel! furnaces, but a 

1 « Pixed” fuel is fired at high pressure ; low-B.Th.U. fuel at low pressure. 
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campaign is now proceeding in their favour. Kembla B furnace 
was redesigned in July, 1941, to tap 200-ton heats, and it is the 
first gas-fired furnace in Australia to operate with fully basic ends, 
i.c., cold walls, end panels and midfeathers of 100% basic con- 
struction down to the slag-pocket arches. As this paper is being 
written, HZ furnace has commenced production with basic ends. 
The size of heat tapped remains the same, viz., 160 tons, hence 
sufficient data will be collected during the next twelve months to 
enable a sound forward policy to be formulated for the improvement 
of gas-fired furnaces. 

To complete the general perspective of the salient features of 
Kembla furnace design, Tables V. and VI. show details of regenera- 


Taste VI.—Details of Slag Pockets. 


Furnace: B. G. 
Date : 1941. 1941. 
Normal Fuel : Producer Gas and Tar and Coke-Oven 
Coke-Oven Gas. Gas. 
Slag pockets : Air. Gas, 
Average length . . | 27 ft.4in. 30 ft. 4 in. 26 ft. 6 in. 
Average height . : .| 6ft.3in. 6 ft. 3 in. 9 ft. 3 in. 
Average width . - 2h Otts0-m as bute. 0 an. 13 ft. 6 in. 
Total volume : : ;: 1900 cu. ft. 3250 cu. ft. 
Slag-pocket deposit : 
Total per ton of ingots : 13 Ib. 15 Ib. 
Specific gravity . 2 3 6-5 5-0 
Weight per cu. ft. : a 406-25 lb. 312-5 Ib. 
Campaign tonnage before en- 
croachment on free flow of 
gases : c é ( 118,000 tons. 136,000 tons. 


tors and slag pockets. Plant policy for regenerators is to provide 
up to 2,000 sq. ft. of heating surface per hour per ton of steel 
produced on fixed-fuel furnaces, and 3,000 sq. ft. on producer-gas 
furnaces. It is obvious that the gas furnaces at present are but 
moderately provided for, compared with contemporary furnaces ~ 
abroad. Ample provision would involve total reconstruction 
which conceivably might be undertaken in due course. The 
regenerator outlet temperatures of the tar furnaces are normal for 
units of their type, whereas the high figures of the gas furnaces 
indicate high unit gas velocities and insufficient checker capacity. 


Table VI. emphasises the generous treatment of slag-pocket 
design in recent installations. 


Furnace Construction. 


Figs. 2, 3, 4 and 5 show the general arrangement of the most 
recent Kembla open-hearth furnace. The complete superstructure 
of the furnace is rigidly bound together. Buckstays around the 
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hearth proper are rolled 18 in. X 6-in. solid slabs, and 12 in. X 6-in. 
rolled-steel joists are used on the ends. : : 

Fig. 2 illustrates the method adopted for rigid roof ties. In 
common with all furnaces in the plant, the skewback channels are 
made up of specially rolled heavy-section semi-finished 24 in. X 
74-in. beams with both flanges on one side oxy-cutaway. Theskew 
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Fie. 5.—240-Ton Furnace. Section through the uptakes. 


channels are swung from the roof superstructure by 14-in. dia. bolts. 
A 1-in. water-cooling pipe is laid within the skew along the bottom 
flange, and extends from knuckle to knuckle along the front and 
back wall. These pipes are standard construction throughout the 
shop, and, by the protection afforded to the skew channel in the later 
stages of a campaign, they undoubtedly prolong the roof life. 

The roof span is 20 ft. 1 in. over the furnace ends and 23 ft. 1 in. 
over the sloping back wall at the centre-line of the furnace. 
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The roof construction is alternate row ribbed, and of silica brick 
varying in thickness from 24 in. to 16 in, from the skew towards the 
crown, as follows : 


Eleven rows . s ; . 24in. and 20 in. 
Four rows . gee ea A . 20 in. and 18 in. 
Balance of crown . é . 18in. and 16 in. 


This type of roof averages about 350 heats and has been found 
the best suited to rapid and effective hot repair. The elevation of 
the roof at the skewback channel above foreplate level is 5 ft. 9 in. at 
the tap-hole and 5 ft. 2 in. at the knuckles. 

The sloping back wall is built of magnesite bricks encased in steel 
plate to within 18 in. of the skew. Chrome-magnesite pipes are then 
laid to the skew, and this work can be hot-repaired during charging 
operations if necessary. 

Front walls are constructed entirely of chrome-magnesite pipes, 
with water-cooled frames and doors as standard equipment. Experi- 
ments with monolithic door linings are encouraging and their 
extensive use in the future is indicated. 

Door arches are of 1-in. dia. chrome-magnesite pipes supported 
by 14-in. water-cooled coils laid behind the door frames. 

Fig. 11 is a view of G furnace from the charging side. Door 
openings comprise a centre observation door 3 ft. wide, two inside 
charging doors 4 ft. 6 in., and two end doors 3 ft.9in. wide. Such an 
arrangement is satisfactory for furnaces operating on low-scrap 
practice. The two 4 ft. 6-in. openings allow the furnace to be 
quickly charged, and the small centre door affords protection to the 
crew during routine tapping-hole operations. 


(a) Hearth Construction. 

The nominal hearth dimensions are 47 ft. 6 in. x 17 ft., and the 
bottom is formed in a pan of 1-in. plate reinforced by arc-welded 
cover-strips. ‘The support is very strong and is made up of longi- 
tudinal 24 in. x 74-in. beams on the concrete foundations with 
cross beams of 12 in. x 8-in. section immediately beneath the pan. 
The hearth chills are fabricated and air-cooled. 

In Australian steelworks there has been little departure from the 
orthodox in the installation of bottoms. There are probably two 
outstanding reasons for this. Excellent results have been obtained 
for many years with sintered-magnesite bottoms. ‘The oldest 
Kembla hearth is more than ten years old and still giving good 
service. Again, Australian plants are far distant from the large 
steel-producing countries and are therefore cut off from the supplies 
of proprietary basic bottom-making materials so readily available 
to operators abroad. ; 

The installation of G furnace bottom commenced by covering the 
pan rivets with crushed chrome ore. A 3-in. course of diatomaceous- 
earth insulating bricks was then laid. This was followed by 16} in. 
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of magnesite bricks, four courses on the flat and one on edge. These 
bricks were laid up with flour magnesite, linseed oil and water. 
The expansion allowed in the bottom and bank masonry was om: 
every 18 in. laterally and longitudinally. Banks were constructed 
of magnesite brick over first-class fireclay brick, which began at a 
point 24 in. inwards from the steel of the hearth casing and then 
battered upwards. An area of 96 sq. ft. around the tapping hole 
was laid entirely in magnesite. 

The working bottom was sintered-in with a mixture of 6 parts of 
crushed local magnesite and 1 part of basic slag. Continuous 
samples were taken at intervals to check the progress of this opera- 
tion. Burning-in a bottom takes about eight days from firing the 
furnace to steel production and 90 tons of magnesite are required. 
Prior to charging, the bottom is washed out with slag and “ set 
back ” for 8 hr. 

The composition of G furnace bottom was : 


Si0,. FeO. Fe,03. Al,03. Cao. Mgo. P,0;. 
T4% Lebo 5:0% 2-4% 9-0% 73-5% 0-2% 
Softening point, 1850° C. 


The total refractory thickness of this bottom is 36 in., made up 
as follows : 


Chrome ore on pan ; : : 4 in. 
Insulation . z - 0 ee 
Magnesite brick . : “ - 164 in. 
Sintered magnesite : : 7 Gon. 


(b) Furnace Ends. 


The ends of G furnace received careful attention during design 
and construction. Reference to Table IV. will supply the out- 
standing features. The main objects of the design were, first, to 
balance the ends, if possible to restrict the carry-over and keep the 
waste-gas velocity low, and, secondly, to house and protect the tar 
and coke-oven gas burner without encroaching on the desired free 
area between the bridge wall and roof. 

The dog-box construction carrying the modified water-cooled 
protection port is shown in Fig. 12. This port is 10 ft. long overall 
and 2 ft. 6 in. in width, and is simply an arched tank of soft-steel 
plate with a 3-in. layer of circulating water. Special pipes are 
welded into the nose of the port for routine flushing and the preven- 
tion of hot spot. 

The port houses the combination tar and coke-oven-gas burner 
previously described, and in this instance the nozzle sizes are for tar 
? in. dia. and gas 42 in. The burner is swivelled at the back so that 
the elevation and direction of the flame can be altered at will. 

The end-panel and cold-wall construction is entirely basic down 
to the slag-pocket arches. Chrome-magnesite pipes 134 in. long are 
used. An interesting feature of design is the excellent method used 
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to support the great weight of the basic material and prevent the 
crushing of the silica beneath. At 3-ft. intervals T-bar cut from 
20-in. rolled steel joist is welded ‘horizontally to the buckstays to 
form trays upon which the refractory pipes are laid. Suitable 
expansion allowances are made at each level and no difficulties occur 
when heating up. , 

The downtake arches are of silica; this eliminates the old “ jack ” 
arches, affords greater free area for gas flow, and reduces repairs and 
maintenance. . 


(c) Slag Pockets. 


There are two features of pocket design worthy of mention, the 
first being the generous capacity allowed. Details are given in 
Table VI. G furnace can operate for upwards of 580 heats, produced 
in a campaign exceeding one year, before pocket accumulation will 
interfere seriously with the free flow of furnace gases through the 
system. 

Slag-pocket floors are heavily sanded and false silica walls without 
cavities are laid on the sides. 

G furnace slag pockets are built on a 124-in. reinforced-concrete 
pad supported by 24 in. x 7}-in. rolled steel joists, which form the 
ceiling of a chamber 26 ft. 6 in. long x 16 ft. 9 in. wide x 6 ft. high. 
This chamber, entered by stairways at the ends of the furnace, gives 
access to the regenerator runners for blowing and cleaning. A 20-in. 
cool-air pipe laid longitudinally through the main furnace founda- 
tions from end to end keeps the atmosphere cool and comfortable 
to workin. Regenerator runners are therefore examined at intervals 
during operation, and cleaning proceeds as required. 


(d) Regenerators. 

The 21-ft. regenerator arches installed on G furnace have had 
almost two years’ trial on furnace ’. They are in excellent shape 
and condition. These arches are of fireclay brick. The fantail 
arches of silica have been streamlined into the regenerator chambers 
with due regard for even waste-gas distribution over the checkers. 
Details of regenerator practice are shown in Table V. 


(e) Valves and Stack. 

The valves are straight-line and water-cooled with water-cooled 
seats angled in the flues to the stack. Fig. 13 shows G furnace 
valve pit. The flow of gases is reversed in 3 sec. 

The air valves are of cast-iron mushroom type, completely 
enclosed. Air for combustion is delivered by a fan of 23,000 cu. ft. 
per min. capacity at 3 in. water gauge, driven by a rheostat-controlled 
variable-speed motor. 

The main stack flue, 8 ft. in dia., is fully enclosed in a steel tube 
set in concrete and leads beneath the stockyard to a firebrick-lined 
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riveted steel stack 7 ft. in dia. and 200 ft. high. The normal 
available operating draught at the base of the stack is 2 in. water 


gauge. 


(£) Insulation. 


The insulation of open-hearth furnaces has not progressed very 
far in Australia, possibly because published reports are rather 
arbitrary and conflicting, but the value of an air-tight furnace is well 
appreciated, and insulation is used extensively beneath charging- 
floor levels. G furnace regenerators and fantails are coated with 
2 in. of mica-asbestos granules. 


(g) Cooling Water. 


The furnace is cooled with sea water delivered from a main which 
encircles the furnace roof superstructure. Waste water is taken to 
the ends above roof level also. This system is well designed and 
completely safe. 


Instrumentation. 


All Kembla furnaces are equipped with well designed instrument 
panels, which of course are invaluable to the operators. A typical 
control board for tar- and coke-oven-gas-fired furnaces is fitted with 
the following instruments and controls : 


(1) Roof temperature control, indicating and recording. 
(2) Tar flowmeter, indicating and recording. 
(3) Tar pressure regulator, indicating and recording. 
(4) Tar temperature recorder. 
(5) Coke-oven-gas flowmeter, indicating and recording. 
(6) Air flowmeter, indicating and recording. 
(7) Steam pressure regulator, indicating and recording. 
(8) Steam temperature recorder. 
(9) Furnace draught control. 

(10) Switches for remote-control tar valves. 

(11) Forced-draught fan speed control. 

(12) Reversing valve switch. 

(13) Door-operating switches. 


The tar reversing manifold is placed conveniently. in front of the 
panels. All furnaces are reversed by motor in 8 sec. after throwing 
the switch. Reversals are made on time intervals taken from two 
large electric master clocks with illuminated dials. 

The relative merits of the various aids to furnace control have 
been freely discussed by furnace operators everywhere. At this 
plant it is believed that automatic draught control of approved 
design, when properly used, is most valuable. Roof temperature 
control is most desirable, but carbon roof blocks need constant care 
and rayo tubes require daily calibration for the control to give 
results. It is apparent that the major proportion of the responsi- 
bility for roof care still remains with the first helper. 

At least two items of control should receive more attention from 
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operators, namely, reversal by temperature differential, and some 
form of combustion control. 

Often in the routine of charging-floor operations a helper forgets, 
or is unable, to reverse his furnace on time, with resultant damage 
to furnace downtakes and check tile, and disturbance of the working 
balance of the furnace. Fully automatic reversing by temperature 
differential prevents such occurrences and encourages the helper to 
take more interest in the actual progress of the heat. 

At Port Kembla all furnaces are operated with forced draught 
and an effort is made to run with 30-40% of excess air, showing 
2-4% of oxygen in the downtake gases. However, the only method of 
control is to meter the air for varying fuel rates and to check the 
waste gases frequently by Orsat tests. Some very good results are 
obtained in this way, but the liability to error is considerable. 
Perhaps the time is not far distant when combustion will be con- 
tinuously checked by an oxygen recorder of approved design inserted 
in the downtakes at both ends. 


Refractories. 


Australian steelmakers as well as those of England and the 
United States of America are giving much attention to open-hearth 
refractories. Possibly the foremost future saving in costs will be 
derived from the use of improved refractories. The all-basic furnace 
is the universal objective, and there can be little doubt that the 
lowest open-hearth operating costs will not be realised until the 
all-basic furnace appears. ‘To-day, five of Port Kembla’s seven 
furnaces are all-basic except for the roofs and downtake arches. 
Campaigns close when roof structures become unstable and danger- 
ous. When silica roofs are replaced by basic arches constructed 
with proven high-strength thermally satisfactory basic brick, 
campaigns of 400 heats may lengthen to possibly 1,000. The 
balance of present design then will be upset and weaknesses will 
show up at other sections of the structure. With the previously 
described features of furnace design it is believed that some of the 
Kembla units could use basic roofs to advantage now. A full 
campaign would run up to two years, divided into two non-stop 
periods with a short cleaning and patching time between. Steel- 
making rates would be 10-15% faster and overall repairs and 
maintenance costs appreciably lower. 

Silica brick of the following composition is used in roof con- 
struction : : 

SiO,. Fe,03. Al.O3. TiO,. CaO. Specific Gravity. Fusion Point. Porosity. 
95%, 1% 06% 01% 3% 3.34. 1740? C. © 29% 

The physical properties of the brick are well up to accepted 
_ standards but not yet equal to those of the “ super silica ”’ brick avail- 
able in some places abroad. 
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Roof life varies with the type of fuel fired, and on the present 
basis of comparison averages 370 heats on producer-gas-fired units. 
The traditional method of recording roof performance by the number 
of heats carried is wrong. Some plants during a compaign entirely 
replace a roof in running and mid-campaign repairs, and credit the_ 
service to one roof. This procedure, of course, is misleading, since 
the roof cost must greatly exceed the expenditure on the original 
roof. Further, roof thicknesses vary from plant to plant, and it is 
obvious that a run of 300 heats with a 16-in. roof at one plant is a 
better performance than a run of the same number of heats with a 
22-in. roof at another plant. Steelmakers quoting furnace per- 
formance should therefore refer to roof life in terms of weight of 
silica refractory consumed per ton of ingot. 


(a) Front Walls, Back Walls and Bulkheads. 


For some years past a highly efficient domestic refractory has 
given good results in the construction of front walls, back walls, air 
and gas bulkheads, cold walls and air-cooled monkey walls. 
Australia has not progressed as rapidly as the U.S.A. and England 
in the development of basic refractories, and supplies of local basic 
bricks of specified quality are not available. However, chrome- 
magnesite pipes made at the open-hearth have run for 800 heats in 
the air bulkheads of a 230-ton tar-fired furnace without repair. 
This wall was 18 in. thick. Old boiler tube of 1+4-in. dia. is oxy-cut 
to the desired length and filled with 50% chromite, } in. maximum, 
and 50% dead-burned magnesite, } in. maximum. The bond is a 
4% solution of 1-7 sp. gr. waterglass and the materials are mixed 
in a concrete mixer. The packed pipes are air-dried for at least 
three months and finally dried in a skip on a furnace roof before use. 
Masonry built of pipe is bonded with the same mixture. Rarely 
before 150 heats is hot repair to a front wall or straight back wall 
required, and up to 200 heats have been made before patching. The 
average front-wall life is 175 heats. 


(b) Midfeather Walls. 


Recently an all-basic-end gas furnace was put into service with 
midfeathers constructed of hard-burned chrome-magnesite brick. 
After 16 weeks’ operation these walls are still perfectly gas-tight and 
it is hoped that midfeather leaks at last have been overcome. From 
experience at Kembla with basic ends, it is not difficult to anti- 
cipate an early release from the exasperating task of removing those 
big masses of pocket slag that too often have kept furnaces off the 
line for days beyond the normal repair periods. These dense slags 
have been replaced by soft easily removable accumulations on tar 


units; it is hoped that a similar result will be obtained in the gas- 
fired furnaces. 
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(c) Regenerators and Slag Pockets. 


The slag-pocket and fantail arches are of silica brick construction, 
but regenerator arches are of standard fireclay bricks containing : 

Si0,. Fe,03. Al,05. TiO». Ca0. Mgo. 

71% 2% 24/, 1% 0:4% 0-5% 
Checker tiles of similar material are of two standard sizes, 15 in. x 
6in. X 2in. and 13in. x 6in. x 2 in., laid in uniform box flues, one 
pass only. This plant has not experimented with tiles of variegated 
design or multiple-pass checkers. Careful attention to cleaning, 
with trained crews working to established weekly schedules, and the 
education of first helpers to prevent overheating has ensured 
comparative freedom from checker troubles. Checkers are cleaned 
down with compressed air, at 100 lb. per sq. in. pressure, through 
slotted cast-iron apertures along and across. Furnace crews can 
examine checkers with an observation pipe extending through the 
charging floor into the dome of the regenerator arch. 

It is difficult to assess an average checker life. Replacements 
are made, depending upon the condition, but usually the top four 
or five rows are removed after each campaign, the remainder being 
good for two campaigns. 


Furnace Performance. 
The long-term performance of the modern Kembla furnaces has 
been encouraging. The details of the first campaign of I’ furnace, 
completed in January, 1940, are : 


Days operated 246 (17/1/40 to 13/11/40) 
400 


Heats , 
Tons per heat 203 
Gross tons < 81,362 
Tonnage per week . : 3 2,315 
B.Th.U. per ton of ingots . 3,658,500 
Charge Composition. 

Tons. %. 
Mixed and direct metal 62,208 66:8 
Cold iron s 6,717 6-1 
Steelscrap .._ . 16,462 ives 
Iron.ore (60% Fe) . 8,656 9-4 
Limestone . 3,343 


The record monthly production during this campaign was made 
in March, 1940, when the furnace produced 11,311 tons of ingots at a 


rate of 2,862,000 B.Th.U. per ton. 
The initial campaign of the latest 


Kemble furnace, G, is still in 


progress, but the mid-November, 1941, details were : 


Days operated 150 
Heats : 222 
Tons per heat . 233 
Gross tons 51,789 
Tonnage per week. : : 2,415 
B.Th.U. per ton of ingots . . 3,672,000 


19438—1 
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For July, 1941, G furnace made 11,627 gross tons of ingots at a 
rate of 3,442,000 B.Th.U. per ton, charging 15% of steel scrap. 


Operations. 
(a) Stockyard. : 

The Port Kembla stockyard lies parallel to the furnace building. 
A standard-gauge railway track runs through the yard and there are 
short shunting spurs at each end. With the exception of ore, all 
charge components are marshalled within the yard by the two 15-ton 
combination magnet and cradle cranes. Since the plant normally 
operates on a 15% scrap burden all scrap is mill return. Scrap 
returns are organised so that about 90% arrives at the yard ready 
for charging. Rolling stock for transport comprises light, flat- 
topped wagons which carry one charging crate with three pans. 
Each fabricated charging pan has a capacity of 36 cu. ft. and holds 
1-3 tons of scrap, or 24 tons of ore or 14 tons of limestone. 

Provision is made’in the scrap-yard for the isolation of alloy 
scrap, in a coloured area. 

When preparing charges the cranes usually work in collaboration, 
one loading with the magnet and the other elevating the loaded crates 
to the two 25-ton weighbridges at charging-floor level. After 
weighing, the crates are set down on the charging bench opposite 
the furnace. ; 

A series of large bins is provided for phosphate rock, sea sand, 
bauxite and fluorspar, and these are hand-loaded into pans as 
required. 

As in all plants, the scrap is proportioned according to type, so 
that furnaces receive a balanced charge of light and heavy scrap. 


(b) Bottom Maintenance. 


The quality, quantity and yield of steel made in any open- 
hearth shop is largely dependent upon bank and bottom main- 
tenance. Loose dirty bottoms tap metallurgically dirty steels, and 
bottoms which drain badly can lower the overall plant yield by more 
than 1%. Deoxidation practices are also directly influenced. The 
prevalent custom of allowing cost and availability to govern the 
choice of materials used for repairs is not commendable when it is 
possible for the cost of extra time lost by bank and bottom repairs 
through using cheap refractories to exceed the extra cost of better 
materials. 

While prepared dolomitic refractories as used abroad are not 
available to Australian operators, local materials are used to meet 
requirements. 

Severe bottom damage is repaired by sintering-in dry calcined 
magnesite with 10-15% of basic slag, a proportion of burnt dolomite 
occasionally being added to save time. Localised less severe 
damage is often repaired with wet calcined magnesite applied as a 
partially hydrated pug, and charging can commence almost at once 
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without danger. Severe cutting along the slag-line is repaired with 
burnt dolomite, but routine fettling is done with crushed raw dolo- 
mite. For best results the dolomite should be small and uniform in 
size. Arbitrary opinions are expressed concerning the value of raw 
dolomite. When applied it must be calcined and sintered into place 
before the hot-metal addition. If fixation does not occur, the 
dolomite lifts and interferes with the flush slag. That portion which 
remains in the furnace increases the finishing-slag volume, makes 
slag control difficult and slows down production, this perverse 
condition continuing from heat to heat. At times 6 in. or more of 
the bank comes away. Moreover, the furnace cannot remain idle 
for any length of time without serious deterioration of the banks. 
The best fettling refractory would appear to be a self-bonding 
weatherproof ferruginous dolomitic material in uniformly sized 
acicular particles of high softening point. 

The use of the fettling machine at Kembla undoubtedly saves 
time. Generally bottoms tend to become high and banks to toe out, 
and periodical wash-outs are essential. The oldest bottom here is 
still giving satisfactory service after eleven years. 


(c) Charging. 

Charging schedules covering all kinds of conditions have been 
studied at Port Kembla over long periods. It is essential for the 
furnaces to be charged carefully and rapidly. If careless machine 
operators dump heavy scrap and limestone in piles near the ends, 
hours are added to the melting time and damage is done to door 
jambs. The overhead charging machines, with their freedom of 
movement, give excellent service. The following is the charging 
time objective on a standard heat for a 230-ton fixed-fuel furnace : 


Begin charging : 3 0 hr. 
Scrap : : ; 35 tons. 
Manganiferous ore 5 46 tons. 
Limestone . : : 11 tons. 
Finish charging solids at . P .  lLhr, 30 min. 
1st ladle hot metal . : : . 3hr. 45 min. 
2nd) > 7 ; 5 4 4 4 hr. 15 min. 
Ora sy, x . - : A 4 hr. 45 min. 


Total charging time, 4? hr. 


Fig. 6 shows a portion of an actual time study of charging and — 
filling-up times. Correlated with charge composition and hourly 
production rates, such graphs, recorded daily, are invaluable for the 
rapid analysis of shop operations. ; 

As a general rule, one-third of the scrap is spread over the 
bottom, followed by the limestone, then the ore, and finally the 
balance of the scrap. The timing of the hot-metal addition is of 
great importance. If the furnace is filled too soon the heat is 
delayed, insufficient flush slag is taken and the finishing slag is too 
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siliceous. Should filling be delayed, violent reactions ensue and 
floor spills occur, yield is lost and the carbon contents of the heats at 
melting are irregular. For satisfactory routine operation and 
consistent quality, furnaces must take hot metal on time. The 
procedure at Kembla is to pour the iron from the 1200-ton mixer to 
the transfer ladle, run the car to the weighbridge 40 ft. away, and 
hoist directly to the floor with the 100-ton crane. The following is a 
typical time cycle for hot-metal additions : 
Pouring from mixer, weighing, hoisting, transferring . 14min. 


Pouring into furnace. : : : : 4 . 5 min. 
Returning ladle to mixer, lowering to bridge, and re-taring 8 min. 


Total “= : : B ‘ 5 me PY Marctio 
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Scrap.—The average scrap charge is 13-16% of the total metallics 
and consists almost entirely of mill returns. On special grades of 
alloy steels heats are charged with up to 50% of scrap, mainly with a 
view to alloy recovery and controlling expensive alloy additions 
within narrow limits. 

Cold Pig Iron.—On the rare occasions when cold iron is charged 
it is placed on top of the scrap. 

Hot Metal——In order to obtain smooth operation, accurate 
melts and consistent quality, it is imperative that the proportion of 
silicon in the hot metal should be known to the melters beforehand. 
Tn addition to a calculated figure obtained from the mixer throughout, 
two mixer-iron analyses are made on each shift. The melter adjusts 


the order burden accordingly. The desired basic iron composition 
is as follows : 


Silicon, Sulphur. Phosphorus. Manganese. 


0-8-1:0% 0-049% max. 0-10% max. 2-3-3:0%. 
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The average charging temperature of the mixer metal is 2300° F. 
Fig. 7 shows the range of variation of silicon content of the mixer 
metal compared with the sequence of silicon contents in the iron 
from the blast-furnaces. 


(d) Melting. 

Charges are melted down as rapidly as possible and arranged to 
melt at 0-4-0-6% higher than the final carbon desired, so that 1-1$% 
of manganiferous iron ore can be used. The average fuel input per 
hour varies between 55 x 10° and 65 x 106 B.Th.U., depending upon 
conditions. Heats are kept hot throughout and the temperature for 


Silicon. %. 
2) > ~ ~ 
(0) fe) LN) A 


Two Blast-Furneces 


° 
a 


17 Tie /4qH alt 28" 
Day. 
Fie. 7.—Daily Range of Silicon Contents of Blast-Furnace and Mixer Casts. 


tapping is adjusted at the finish. The direction of fuel flow is 
reversed every half hour early in the heat and at 15-min. intervals 
in the later stages. Except in the case of ingot iron, it 1s generally 
plant practice to clear the bath thoroughly before attempting to ore. 
Over-oreing is avoided, and with the normal limestone burdens 
carried little flux is necessary to shape up the slags. On special 
and alloy heats fluorspar, sand and. bauxite are used, with lump ore 
to break up the lime and incite the bath to action. — 

The rod and pour tests are used to judge tapping temperatures, 


262 P KNIGHT: A REVIEW OF 


and the melters check these with optical-pyrometer readings taken 
by the metallurgical observer. 

The oxygen carried in the downtake gases varies between 1% 
and 4%, and each furnace is checked by Orsat tests at regular 
intervals to control combustion. 


(e) Finishing the Heat. 

For testing the steel-bath samples there is a well-equipped 
laboratory on the outer end of the charging platform between # and 
F furnaces. Carbon is determined by colour, combustion and 
“‘ Carbanalyser ” methods by shifts of experienced chemists. Rapid 
accurate estimations are made of manganese, phosphorus, sulphur 
and, when required, of nickel, chromium, &c. A slag tester keeps 
the melter informed of the composition of the slag. Established 
rules concerning proximity of ore additions to alloying or tapping 
are obeyed, and on all special heats the last few points of carbon are ~ 
rodded out. 


(f) Tapping. 

Present tap-hole practice has given good results for several 
years. The hole is stopped’from the front with a mixture of 10% 
ground coal and 90% crushed burnt magnesite mixed to a stiff pug. 
From the pit-side the hole is filled with 3-in. burnt dolomite and 
finally plugged with a ball of plastic clay. When opening the hole, — 
the clay ball is removed, the hot dolomite raked out and the chill 
opened with the oxygen lance. A pneumatic-tyred hand buggy, 
fabricated from butt-weld pipe, carrying two bottles of oxygen, is 
used to run the gas to backstandings for use on the tapping hole. 
The diameter of the tap-hole is such as to allow the metal to run out 
at the average rate of 15 tons per min. Tap-holes are remade in the 
traditional way with 4-in. or 6-in. pipe, depending on the speed of 
run-out desired for special heats. 


Pit Practice, 


Steel is tapped at Kembla into conical ladles of 160 tons capacity, 
13 ft. 9 in. high, 11 ft. 7 in. in dia. at the top and 10 ft. in dia. at the 
bottom. All ladles are double-stopper-rigged. Ladle linings are 
not insulated, but consist of a 3-in. safety lining of firebrick and a 
6-in. working lining of special clinker common brick. Daubing of 
linings is not practised. The average number of heats per ladle 
lining is twelve. Ladles are heated to 600° F. by coke-oven gas. 

Stopper-rod assemblies are made up by one man. The rod, 
15 ft. long and 2 in. in dia., takes a firebrick sleeve with a 21-in. bore. 
Imported graphite stopper-heads are keyed on in the usual way, ~ 
and the assemblies are thoroughly dried in a vertical oven fired with 
coke-oven gas. 
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Overflow and flush slag is taken off in 300-cu. ft. cast-iron 
thimbles and removed from the pit on Pollock-type cars. The pit 
is provided with the necessary accessories for the rapid cleaning up of 
scrap and debris. 


Moulds. 


All the steel is top-poured. Table VII. incorporates the details 
of mould design. It will be noted that all moulds have corrugated 
contours; such has been the practice for several years. Con- 
temporary operators differ in their opinions on the relative merits of 
straight-sided and contoured ingots for blooming-mill feed. On the 
other hand, multi-sided ingots are universally used for forging. 
Exact evaluation of the advantages of a contoured milling ingot is 
difficult, but it is accepted here that with steels of similar quality, 
poured under precise conditions of temperature and speed, the 
corrugated ingot has a stronger skin and cracks less in the blooming 
mill than the straight-sided ingot. Corrugation adds nothing to the 
cost of the mould, and, provided that the design and mould life are 
satisfactory, contouring is good insurance. 

The Table shows that the mould life at Kembla averages nearly 
100 heats, but moulds are by no means used to destruction. Mould 
rakes are segregated, and as the walls progressively deteriorate from 
alligator cracking, the groups are used for ingots where the surface 
condition of the product is of minor importance. 

Numerous experiments have been undertaken to determine the 
most satisfactory iron for mould manufacture. It has been found 
here that the composition of the iron can vary considerably without 
adverse effect. Moulds are cast at 1180° C. minimum with a 
direct-metal mixture of two parts of basic iron with one part of 
foundry iron, preferably to give between 0-9 and 1:3% of 
silicon and not more than 2-3°% of manganese. When both- 
blast-furnaces are producing high-manganese basic iron, cupola . 
metal is added to obtain the desired composition. The following 
examples’ are typical enough of Kembla’s ingot-mould-making 


practice of modifying basic iron by an admixture of a less 
manganiferous iron : 


No. of Silicon. Sulphur. Phosphorus. Manganese. Carbon. 
Heats. oe %. Bia oes ee 
123 1-2 0:03 0-21 2:1 4: 
121 0-9 0-04 0-10 1:5 4-2 
117 1-9 0:03 0:48 1:6 4-0 
109 1-4 0-02 0-54 1-6 4-1 
107 1-5 0-04 0-26 1-9 4-2 
100 2:0 0-02 0-50 1-6 3-9 


Tests on this plant have indicated that the rest period has the 
most pronounced influence on mould life. The period at Kembla is 
not standard and may vary from 2 to 10 hr. Ingots should be 
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stripped as soon as they may be and the moulds allowed to cool to 
150—200° F. before being used again. 

Hot-top practice is varied... Alloy and some other special grades 
are poured into wide-end-up corrugated moulds seated on a spigotted 
stool. Superimposed fixed heads are used. Both ends of the mould 
and the base of the head casting are machined. Dead-killed spring 
steels are cast into wide-end-down moulds with a recessed tile head. 
This is a utility mould suitable for certain types of steel. 


Mould Preparation. 


Perhaps the most difficult part of quality steelmaking is the 
pouring of consistent high-grade ingots with good surface character- 
istics. Surface quality is influenced by several factors, of which 
mould condition is one of the most important. Undoubtedly 
steel reconditioning costs vary directly with the care given to moulds 
and stools prior to casting. 

Primarily, a high standard of cleanliness is essential. Secondly, 
mould wash, if used, should be carefully applied. Experience at 
Kembla has shown that no mould wash at all is far better than an 
indiscriminate application. The choice of one from the numerous 
mould coatings available may depend upon the type of steel to be 
poured and the method of pouring. 

There is no standard mould coating at Kembla. Graphite wash 
and brine solution were tried and rejected. Dry tar sprayed on at 
the right mould temperature does a good job. The coating should 
be thin, hard and glossy. The best surfaced ingots here are cast in 
uncoated moulds. While hot from the previous heat the moulds 
are washed down with fresh water, which loosens accretions. When 
dry they are scrubbed down with long-handled_wire-brushes. 
Finally, compressed air is used to clean the mould wall and the stool 
thoroughly. A few minutes before casting, a length of corrugated 
kraft paper in the form of a large cylinder is dropped on to the stool. 
This has given good results in preventing stool splash. Stools are 
dished and spigotted to form an effective seal, and the small crevice 
between the mould and stool is filled with grains of ferro-silicon 
poured down a funnel. 


Pouring Practice. 


Following the establishment of a satisfactory pouring practice, 
constant supervision is necessary to maintain a high standard. 
Consignments of nozzles, stopper-heads, sleeves, &c., should be 
carefully checked for quality and size. The workmanship in rod 
assemblies must be inspected, stopper riggings on ladles kept in 
perfect condition, stopper and nozzle settings examined and pouring 
crews encouraged to teem cleanly. To achieve a consistent standard 
entails a lot of persistent work. Nozzle sizes at this plant have 
varied during the past ten years. Out of the multitude of experi- 
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ments some axioms governing pouring procedure have been formu- 
lated. 

All grades of steel are top-poured. For any grade there appears 
to be an ideal pouring temperature for a given pouring speed. 
Ingots so poured into scrupulously clean moulds of modern design 
and then satisfactorily soaked will roll with a minimum of cracking 
in the blooming mill. Should the heat be poured too hot or too fast, 
the results will be indifferent. For some time 14-in. composite 
magnesite ring nozzles were used for most grades, with pouring 
speeds of 2-5-2:75 tons per min. Experiments proved that 
increasing the pouring rate to 4 tons per min. and lowering the 
pouring temperature enhanced the surface condition of the ingots 
without impairment of rolling quality. At present the standard 
shop nozzle is 13-in. plain fireclay, but the size ranges from 13 in. to 
21 in. according to the grade of steel that is to be poured. Rimming 
steel of 0-08-0-10% carbon is poured through 1?-in. nozzles and at a 
temperature 40-50° F. hotter than semi-killed steel of the same 
carbon content. This grade is allowed to rim-in until a central 
molten area of 9 sq. in. remains, when it is capped with rolled steel 
plate caps weighing 150 lb. 

Alloy steel also is teemed with 1#-in. nozzles with careful control 
of the temperature. Transformer steel, containing 4-5% of silicon, 
is teemed through 2}-in. nozzles after reladling twice through 3-in. 
nozzles, for cool steel and clean ingot surfaces. 

Pouring temperatures are checked by a disappearing-filament 
optical pyrometer and comparable figures are obtained from heat to 
heat. Stools sometimes are coated with tar, but as a rule they 
receive no preparation. The average stool life is 95 heats from 
plates 9 in. thick. 

For any given teeming temperature, fast pouring rates produce 
the cleaner-surfaced ingots with a tendency to an indifferent rolling 
response. . Reduced pouring rates produce ingots inferior in surface 
quality but with improved results in the mill. 


Maintenance. 


Continuity of production depends largely upon the excellence 
of the mechanical, electrical and bricklaying maintenance organi- 
sations. Frequent inspection of plant is the backbone of good 
maintenance. Certain items of plant at Kembla are inspected daily. 
Once weekly all the furnaces, with auxiliary equipment, are carefully 
examined above and below floor level. An estimate of refractory 
and mechanical repair requirements is recorded and a copy forwarded 
to the foreman bricklayer and foreman mechanic, who then co- 
operate to have repairs effected without delay. This system works 
well and assists the tonnage rate by eliminating unforeseen delays. 

Accumulations in downtakes are removed at regular intervals, 
and slag- pocket deposits on fixed-fuel furnaces are removed at 
stipulated times. 
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Slag Control. 


In Australia, as in other countries, the purchaser has become 
more critical of the material that he buys. Rapid expansion of 
industry here has contributed to this, and research for cheaper steels 
with properties comparable with the more expensive alloy steels is 
stimulated. The manufacture of repetition parts on automatic 
machines demands uniformity in feed. These considerations have 
placed on the steelmaker the onus of producing the required quality 
consistently from heat to heat. Closer tolerances in chemical 
analyses have to be met, and in some instances orders are endorsed. 
for grain size, cleanliness and other special requirements. Open- 
hearth operators have had to pay closer attention to quality and 
establish practices to meet these requirements. 

It is realised that our predecessors did endeavour to finish heats 
with “ good slags,”’ but generally the slags were high in lime for all 
grades of steel, frequently with unfortunate economical and metal- 
lurgical results. The technique of basic open-hearth operation has 
made great strides forward in the past twenty years, the most cogent: 
stimulus having been derived from research work on slags and slag- 
metal reactions. To such work may be attributed much of the 
improved qualitative perspective in the furnacing of steel. 

Slag control may be defined as the step in the process of steel- 
making that is directed to the adjustment of the slag composition to 
the best advantage. It gives the metal the desired condition at 
tapping and, associated with suitable deoxidation and temperature 
control, produces steel of the required composition, type and 
uniformity in the mould at the lowest cost. 

A review of contemporary literature on this subject reveals that 
there are nearly as many practical systems of control as plants, but 
it is obvious that any system to be successful must be developed 
compatibly with local conditions. Consistent high quality is the 
primary consideration, and if this can be obtained with economies, 
however small, the interest of everyone concerned is assured. The 
system should be as simple as possible, reduced to terms easily 
understood by practical furnacemen and policed by metallurgical 
observers. ; 

The practice of slag control at Kembla dates from 1932, since 
when investigation has been continuous. Many theories and 
methods were tested and rejected before finally the practice was 
adopted of depending entirely on the analysts for information on the 
slag and metal in the furnace. There are two chemists on the floor 
for each shift, one senior man on steel analyses and one junior on 
slags. Rapid methods are used for lime, silica and iron oxide in 
slags. Lime results are obtained within 30 min. of spooning the slag 
from the bath, silica within 35 min., and iron protoxide or total 
iron in 15 min. 

With the available raw materials, the phosphorus pentoxide 


268 P KNIGHT: A REVIEW OF 


carried in the slag with a 9% slag volume averages 1%; hence it is 
possible to regulate the lime-silica ratio within wide limits without 
danger of rephosphorising the metal. Therefore, the slag oxidation is 
able to be kept low and the residual manganese high with valuable 
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Fig. 8.—Silicon Content of the Hot Metal Plotted against the Residual 
Manganese. 


savings in ferro-manganese consumption. Producing structural 
grades with 0-4-0:6% of manganese, the plant has made 7,000 tons of 
steel in consecutive heats without adding ferro-manganese to the 
bath or ladle. On all grades the plant has worked for a full month 
using an average of 1-5 lb. of 78% ferro-manganese per ton of ingot, 
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Fra. 9.—Relationship of the Slag Basicity to the Residual Manganese and 
to the Total Iron in the Slag. 


notwithstanding that some of the heats contained 1:7% of 
manganese. ’ 
Figs. 8 and 9 indicate the relationship between slag basicity, 
residual manganese and total slag oxidation. 
The introduction of a 1200-ton hot-metal mixer in 1940 improved 
operations further. From the analyses of mixer samples the 
melters are able to charge the furnaces more accurately to melt 
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within the carbon range specified. Limestone is saved and 
bottom ” heats are fewer. The smoother, steadier working of the 
furnaces facilitates the metallurgical control. 


(a) Production of Semi- Killed Steels. 


The analysis range of semi-killed steels is as follows : 


Carbon. Phosphorus. Manganese. Silicon. Sulphur. 


0:1-0-35% 0:06% max. 0:-4-0:8%  0:3% max. 0-06% max. 


These heats are poured into wide-end-down 25 in. x 21-in. 
corrugated moulds with typical convex ingot tops. Furnace 
charges for such heats are : 

160-Ton Heats. 230-Ton Heats. 


Millscrap. : = : : 25 tons 35 tons 
Hot metal (Si 0-9%) : : . 115 tons 195 tons 
Manganiferous ore Z : : 12 tons 46 tons 
Limestone . 5 5 : . 8 tons 11 tons 


When the slag is made up, the bath is sampled for metal and slag. 
Carbon, manganese and phosphorus are estimated in the metal, and 
lime, silica and iron protoxide in the slag. The melter proceeds to 
work the heat according to plan. Manganiferous lump ore is fed to 
reduce the carbon, and sand is added to reduce the basicity, if 
necessary. The schedule for the sand addition, for instance, for the = 
160-ton heat, is as follows : 


SiO, in slag. % . 10 ll 12 13 14 15 16 17 
Sand required. 
Lb. . 2100 1900 1500 1200 900 800 600 300 


If the slag is too siliceous, limestone chips are charged. 

Kembla experiments confirm the finding gf Earnshaw Cook 
that carbon is necessary for the sand to be effectual in reducing the 
proportion of iron protoxide; the bath carbon must exceed 0:3% 
when the sand is added. The diminution in the iron oxide con- 
centration following the addition of sand is out of all proportion to 
the dilution. It may be assumed that a partial replacement of iron 
oxide by silica occurs in lime/iron-oxide compounds, allowing some 
iron oxide to migrate to the metal and effect a slight oxidation of 
carbon. At the same time there is a reversion of manganese, to an 
extent governed by its degree of concentration in the slag and metal 
and the iron oxide content of the slag. The examples given In 
Table VIII. indicate the practical application of controlled lime- 
silica ratios for semi-killed steels with up to 0-35% of carbon. _ 

Ferro-silicon additions are made according to the proportion of 
iron protoxide in the finishing slag. 


1 Transactions of the American Society for Metals, 1937, vol. 25, p 
419. 
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_ Kembla practice for low- and medium-carbon semi-killed heats 
is along the following lines : 


(a) The amount of run-off slag is carefully watched and the 
take-off is constant from heat to heat for equal charge composi- 
tions and metal analyses. 

(6) Slag volumes are kept as low as is consistent with 
effective coverage. 
oe () nuns slags are run to a lime-silica ratio of 2-0 or 

-2 to 1. 


This practice improves the furnace yield by reducing the iron 
losses in the slag and keeps the residual manganese high, with 
savings in alloy consumption. For any given concentration of 
manganese in the charge the residual manganese will vary inversely 
with the basicity of the finishing slag. The average composition of 
the finishing slags from fifty semi-killed heats was : 


SiO,. Feo. Fe,0;. A1,05. Mn0. Cad. MgO. P,0;. 
17-71%  T-1% 40% 453% 233% 35:1% 68% 11% 


Critical examination of the figures for three years of production 
proves that sand intelligently used does no damage to banks and 
bottoms. Dry sand added to the basic furnace becomes dissolved 
in the slag within a few minutes. It has no tendency to agglomerate 
and move to the banks. Sand should be regarded as a necessary 
basic open-hearth flux, and the controlled use of it recognised as a 
valuable aid in the production of basic steel. 

Several hundred thousand tons of steel have been made at 
Kembla carrying sufficient residual manganese to be independent of 
ferro-manganese addition. Such steel is of consistently high quality, 
its physical tests are excellent, and it rolls well with a minimum of 
reconditioning. 


(b) Production of Phosphorised Sheet Bar. 
A further interesting example of slag control is the production 
of sheet-bar ingots to the specification : 


Carbon. Phosphorus. Manganese. Silicon. Sulphur, 


0-:14% max. 0-06-0:09% 0-45% max. 0:10% max. 0-06% max. 


Formerly this steel was made by furnacing for a low-carbon heat 
and adding ferro-phosphorus to the ladle. The method has been 
superseded by controlling the reversion of phosphorus to the bath 
metal from a finishing slag of suitable composition. Some of the 
limestone burden is replaced by phosphate rock and the slag basicity 
is adjusted in the finishing stages of the heat. The slag oxidation 1s 
kept low and the bath is kept hot. The phosphate rock contains 
85% of the tribasic salt. On charging 20 Ib. of rock per ton of ingot, 
the finishing slag will contain about 3°, of phosphorus pentoxide, a 
proportion suitable for easy manipulation and control. Logs of 
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PLATE V. 


G 
F 


1G. 13.—Valve Pit of G Furnace. 
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typical heats are shown in Table IX. and slag compositions in 
Table X. 

_ This practice was introduced as a war-time expediency and has 
given satisfactory results. Quick and accurate control is essential 
to success.. Furnacemen soon become expert in the adjustment of 
conditions. 


TaBLe X.—<Slags of Sheet-Bar Heats. 


Composite Samples. 


Number of Heats: 24 35 11 15 
SOs. —~Yé 17-2 16-6 18-3 18-3 
FeO. % 12-0 13-2 12-1 9-5 
Hes Oye 4-4 3-1 sez 3°7 
Al,O3. % 5-4 4+] 4-2 3-3 
MnO, 24-3 26°8 20-0 28:3 
CaO. % 27-3 26-8 25-0 28:2 
MgO. % 6-0 6-0 7-0 5:7 
Eee 3-4 3-4 2-0 2-8 


(c) Production of Rimming Steel. 

Practically the whole output of the fully open type of steel is 
rolled into high-finish deep-drawing automobile sheets. Open- 
hearth operators are aware of the close attention and co-operation 
required for the production of high-grade ingots for such require- 
ments. Much of the deep-drawing steel that is made abroad. is * 
produced from 40% pig-iron charges. In some plants it is considered 
that deep-drawing grades cannot be made satisfactorily from high 
hot-metal charges. When this grade of steel came into demand at 
Kembla in 1937 it was necessary to avoid interference with the 
existing open-hearth and blast-furnace routine. A practice thus 
became established with around 70% hot-metal charges, from which 
rimming ingots of first quality with thick skins and a high degree of 
cleanliness are obtained. 

Typical logs of rimming-steel heats are shown in Table XI. 

The charge ore is basic, containing 2% of manganese. The logs 
show residual manganese somewhat higher than in oversea plants. 
Here it varies between 0-17% and 0-25%, and it is found that, with 
other conditions satisfactory, up to 0:25% has no adverse effect on 

quality. Deoxidation charts made available to melters show the 
amount of aluminium for the ladle, based on the total iron in the slag 
and the residual manganese in the metal. The amount varies from 
60 Ib. with 28% of iron and 0-15% of manganese to 5 Ib. with 17% 
and 0:26%, respectively. It will be observed that the total-iron 
figure is used as a measure of slag oxidation. From the FeO figure 


erratic results may occur with high-lime slags on heats tapped below 
0-:10% of carbon. *In such slags there is a wide variation in the 
T 
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TaBLE XI.—Logs of Typical Heats of Rimming Steel. 


Specification : Carbon. Phosphorus. Manganese. Silicon. Sulphur. Copper. 
0-08-0-10% 0-04% max. 0-32-0-40% Residual. 0-035% max. 0-10% max. 


Heat No. : | C73. D43. 


Hot metal 3 3 é 120 tons 121 tons 124 tons 
Scrap 4 : : 5 30 tons 30 tons 27 tons 
Limestone : : : 15 tons 15 tons 15 tons 
Ore A : : 27 tons 29 tons 24 tons 
Total metallic : 168 tons 170 tons 167 tons 
; Previous heat tapped — 5.23 P.M. 10.30 A.M. 3.37 P.M. 
Commenced to charge : 6.50 P.M. 10.50 A.M. 4.42 P.M. 
Melted . : : - aes 9.00 P.M. 2.15 A.M. 
Tapped . : : : 8.20 A.M. 12.22 a.m. 3.38 A.M. 
Run-off slag : : : 1 full pot. 1 full pot. 1 full pot. 
Bath additions : 
Ore : : : é 4-0 tons 5-0 tons 1-0 ton 
Limestone. : : Nil 2-5 tons Nil 
Ladle additions : 
Ferro-manganese (78%) . 0-4 Ib. 0-35 Ib. 0-35 Ib. 
Coke . : 2 : Nil 0-09 Ib. 0-07 lb. 
Aluminium . : : 0-013 Ib. 0-007 Ib. 0-013 Ib. 
Analyses : 
Hot metal : - 
Silicon 0-:8% LoS 0:7% 
Manganese . 2:9% 2:4% 2°6% 
Bath at melt : 
Carbon : : 10% 15% 0:27% 
Manganese . : - 0:27% 0-52% 0:26% 
Phosphorus . . 0-025% 0:025% 0:020% 
Sulphur a 0-:028% See 
Bath, tapping : 
Carbon. : : 0-07% 0-05% 0-06% 
Manganese . ; : 0-22% 0-19% 0-21% 
Phosphorus : 4 001% 0-01% 0-01% 
Slag : 
sid, . : : : 11-:2% 13-:0% 12-0° 
ee és . F : at 37-65 3e15 
otal iron . : : 22-59 19-69 +59 
Ladle : 7 ed 
Carbon : : : 0-08% 0-099 0-099 
Manganese . : : 0-40% 0-396) 0.348 
Silicon : : : 0:008% 0-009% 0-:007% 
Sulphur. : . 0:024% 0:029% 0:020% 
Phosphorus i : 0-010% 0-010% 0-008% 
Copper : : Nil Nil Nil 
Pouring : 
Nozzle. Imported eet : 1$-in. 1$-in. 13-in. 
Stopper. ‘ : Graphite Graphite Graphite 
Temperature . : Good Good Good 
Aluminium per mould. 3 oz. 4 oz. 2 OZ. 
Ingot weight . : : 3-4 tons 3-4 tons 3:4 tons 
Total weight . : : 156-4 tons 156-4 tons 159-3 tons 
Stoppers F : : Clean Clean Both slight 
2 ‘ | leak. 
Rimming action 5 . Brisk, Active, Even rim. 
ance Rim een ee Fairly brisk. 
1-2 in. 
Ingot inspection : . |Clean. Good Good: sierfigeel 8 ingots 
surface. - slightly 
: 7 splashed. 
Ladle skull : : Nil Nil 0:67 ton 


Cardboard used ; , Yes Yes Yes 
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Fe,0, present, and more consistent results have been obtained by 
using the total-iron results. 

__When making rimming heats it is desirable to keep them hot 
right through. The melting-down carbon should be such that the 
furnace will take from 1 to 3 tons of ore in order to maintain an 
active bath boil right up to the tapping point. This is essential to 
the production of ingots free from skin blow-holes. A further 
requirement when running high-metal heats is to take sufficient and 
constant quantities of flush slag. If this aspect is neglected much 
furnace time will be lost in reconditioning the finishing slags. No 
effort should be made to economise in limestone, which, it will be 
noted, amounts to 210 lb. per ton of ingots, for such procedure would 
be more than offset by loss of operating time in waiting for the iron 
oxide to build up in the slag. Slag volumes average 15%. 

Should the slag chemist report a suitable basicity the heat is ored 


TasLe XII.—Typical Rimming-Steel Slags. 
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down in the usual way. Oreing is complete at least one hour before 
tapping. Should the slag come up more siliceous than is desired, 
sufficient quantities of dry limestone chips are charged. Burned 
lime is expensive and difficult to store without acquiring moisture. 
Partly hydrated lime is considered to be a potential source of 
hydrogen and a cause of thin-skinned ingots. 

All slags are not fully analysed as a matter of routine, for the 
control system supplies the necessary information from heat to heat. 
Composite samples of slag are made up periodically comprising those 
from 15-20 heats. Some typical single slags are shown in Table XII. 

Rimming steel is tapped hotter than semi-killed steel of similar 
carbon range. The melter’s practical methods are checked by the 
metallurgical observer with a disappearing-filament optical pyro- 
meter. The first helper slags a 4-in. dia. spoon and dips deeply for 
metal, withdrawing the spoon to just inside the door spy-hole. By 
tilting the spoon the observer is able to get a quick “ shot ” at the 
- bare metal, and with practice becomes adept. 

The objective is to pour ingots that rim actively in the moulds 
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with 1-2 in. of fall. Such ingots show 4 in. of rim depth on a 
25 in. x 21 in. x 63-in. ingot. This gives'the sheet-maker ample 
latitude in the subsequent processing. Aluminium in the pit is 
regarded as a corrective for slightly over-oxidised steel, but the 
condition of the metal from the furnace must be satisfactory. 


(d) Production of Alloy and Forging Steels. 


Special steels in alloy and plain-carbon grades are made in the 
160-ton furnaces. Written instructions are issued and obeyed. The 
same principles of slag control apply, and the lime/silica ratios vary 
between 2-5 and 2-7. Heats are slightly overcharged with lime, and 
small, regular additions of sand are made in the early stages to correct 
the slag composition and inhibit the rise of FeO. Heats are made 
with the lowest FeO content in the slag that is compatible with low 
phosphorus in the metal, and FeO can usually be controlled to a 
“three-point spread.” Special attention is paid to the rate of 
carbon diminution, and over-oreing is not permitted. Ore is seldom 
added within two hours before blocking and alloying, the last few 
points of carbon being shaken out with rabbles. In making 
expensive alloy grades, flush-slag practice is omitted in order to 
avoid possible variations and to recover alloy from the scrap. The 
grain size is controlled entirely in the ladle. All alloys except 
silicon are added to the bath. These heats are held in the moulds 
for two hours before stripping and transferring to the soaking pits. 


The author is indebted to the General Manager of Australian Iron 
and Steel, Ltd., for permission to publish this paper, and to the Chief 
Metallurgist, Mr. H. V. Nicholls, Mr: A. McCahon and other officers 
for advice in its preparation. 
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DISCUSSION. 


Mr. A. Rosinson (Chairman of the Open-Hearth Committee of 
the Iron and Steel Industrial Research Council; Appleby-Froding- 
ham Steel Co., Ltd., Scunthorpe, Lines.) presented the paper in the 
author’s absence; in doing so he made the following comments : 
The raw materials of very high quality, the unlikelihood of any 
large supply of cheap scrap, and the type and quantities of steel 
required have decided the process and type of furnace. 

The general layout is adequate and normal and one quite usual 
in Great Britain, with a variation that the ingots are stripped and 
transferred to the next bay by wall-type stripping and transfer 
cranes. 

It is noted that the mixer is not lined with magnesite, but 
with high-alumina bricks with a softening point of 1680° C. and no 
contraction when heated for 2 hr. at 1400° C. It would be interest- 
ing to know the thickness of the lining and its life. 

The fuels used are of high calorific power, and coke-oven gas 
and tar can be used on the producer-gas furnaces to revitalise 
them near the end of the run. In the case of coke-oven gas and 
tar approximately half the heat is given by each fuel. 

The use of a high proportion of molten iron in the charge of 
practically hematite quality with reasonably low silicon and high 
manganese contents (phosphorus and sulphur being negligible), 
and the high quality of the limestone and ore have allowed the 
designing of very large deep-bathed furnaces, such as are only 
comparable in Great Britain to the modern tilting furnaces—the 
depth varying from 35 in. to 44 in.—which are quite in order, con- 
sidering the small amounts of scrap charged and the considerable 
agitation of the bath by the strong and early boil which will quickly 
lift the solid materials from the furnace hearth, although it is stated 
that bottoms tend to grow and periodical washouts are essential. 

The treatment of the flues, uptakes, &c., has been generous and 
good facilities for examining and cleaning the checkers and accessible 
flues and valves have been provided. 

The dimensions of the furnaces bear a very close resemblance 
to those of the modern British tilting furnaces, but in some cases 
the depth is even greater. The slag pockets are very long and 
comparatively narrow. This will probably protect the checkers 
to a large extent from entrained slag and dust in the waste gases. 

The roof of silica brick, 16-24 in., and the bottom of magnesite 
brick and sintered magnesite, 324 in., are of considerable thickness 
compared with British practice. NGS 

The question of insulation, as in Great Britain, is an open 
one—its principal advantage probably being that of making the 
walls air-tight. The insulation of the 324-in. bottom seems hardly 
necessary, though it may have some small effect in keeping the 
bottom hot in these particularly deep furnaces. 
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Tt is noted that five out of seven furnaces are “‘ all-basic-lined,” 
presumably above slag-pocket level—and the author has evidently 
a very good opinion of the basic roof, and expects very great ad- 
vantages from the use of a “proven high-strength thermally 
satisfactory (and presumably non-spalling and non-peeling) basic 
brick.’ Since, as shown in the paper, the roofs are yet of silica 
brick, the basic roof must still be in the experimental stage. His 
experience of basic ends and their effect on the slag-pocket slag can 
be borne out by many users in Britain. 

The particulars given of the performance and outputs of two 
furnaces are good, but can be matched in normal times by British 
tilting furnaces using phosphoric iron. 

The raw materials used in this plant are a melting shop manager’s 
dream: Iron containing 2-39, of manganese, 0-1% max. of 
phosphorus and 0-04°% max. of sulphur, sized limestone and 
manganiferous ore. With the ores available one would expect a 
more regular silicon content in the iron. 

The problem of basic open-hearth steelmaking under such 
conditions is. obviously somewhat different from that in Great 
Britain, the metallurgical load being less for similar proportions of 
iron and the elimination of phosphorus and sulphur not causing 
any anxiety. 

- There is no doubt that the charge as shown will come to the 
boil very rapidly. 

The author’s methods of slag control are interesting and the 
presence in the slag of only 1% of P,O; makes possible the use of 
sand as a flux when required, and allows him to run a very low 
lime and iron in the slag—offset somewhat by MnO—and a high 
residual manganese in the metal without danger of rephosphorisation. 

The ingot moulds are of a somewhat unusual composition, are 
comparatively thick-walled and give a reasonable but not particularly 
good life reckoned in pounds of ingot mould per ton of ingots. » 

In conclusion I must congratulate the author on his paper, and 
on being employed in such a paradise of steelmaking. 


Dr. E. Grecory (Park Gate Iron and Steel Co., Ltd., Rother- 
ham): This is an excellent paper, and full of most interesting 
details. There are, however, certain comments which I should like 
to make upon it. In the first place, it can hardly be described as 
representing the “‘truly” basic open-hearth practice of Great 
Britain. As Mr. Robinson has pointed out, the composition of the 
hot metal is what the open-hearth manager here dreams about but 
never gets. The desired basic iron composition is given as follows : 


Silicon. Sulphur. Phosphorus. Manganese. 
0-8—1-0%. 0-04% max. 0-1% max. 2-3—3-0%. 


At Mr. Knight’s plant he has, therefore, excellent raw material to 
start with, and it is evidently that which has permitted them to 
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adopt the particular technique described in the paper, since there is 
obviously not much cause for worry in regard to sulphur and 
phosphorus. 

One of the novelties is the use of sand, referred to on pp. 269 P 
and 271P. They apparently use sand for lowering the iron-oxide 
content of the slag. Personally, I am not satisfied with the explana- 
tion given that “the diminution in the iron-oxide concentration 
following the addition of sand is out of all proportion to the dilution. 
It may be assumed that a partial replacement of iron oxide by 
silica occurs in lime/iron-oxide compounds, allowing some iron oxide 
to migrate to the metal and effect a slight oxidation of carbon.” Ido 
not think that that explanation is sufficient. The manganese oxide 
in the slag, which is very high indeed, must play an important part. 

Again, the author says that “sand should be regarded as a 
necessary basic open-hearth flux, and the controlled use of it 
recognised as a valuable aid in the production of basic steel.” 
We should hesitate very much to add sand to our own basic open- 
hearth slags, not from the standpoint of the iron-oxide concentration, 
but from the point of view of rephosphorisation. 

The composition of the ingot moulds is unusual, but, in view 
of the life which is claimed, I do not see that one can raise any. 
real objection. 

When dealing with slag control, the author says that “‘ lime 
results are obtained within 30 min. of spooning the slag from the 
bath, silica within 35 min., and iron protoxide or total iron in 
15 min.” As the Chairman of the Standard Methods of Analysis 
Sub-Committee, I should be glad if we could have details of the 
method for determining silica within 35 min. On p. 262 P, the 
author states that ‘‘ rapid accurate estimations are made of man- 
ganese, phosphorus, sulphur and, when required, of nickel, chromium, 
&c.,”’ and I should also like to have details of the methods used for the 
rapid, accurate determinations of sulphur and phosphorus. | 

There are many other small points in this interesting paper 
which could be raised. For instance, on p. 265 P it is said that 
‘* dead-killed spring steels are cast into wide-end-down moulds.” 
One would have expected dead-killed steel of that quality to have 
been susceptible to exaggerated primary piping when cast in that 


manner. 


Mr. C. A. RzEp (Skinningrove Iron Co., Ltd.) : I wish to con- 
atulate the author on the very able manner in which he has dealt 
with the whole aspect of the basic open-hearth practice In an 
Australian plant. It is very comforting, in these days in particular, 
to know that such good results are being obtained. 
Several points arise out of the paper which to me appear to be 
of particular interest, the first of which is the depth of bath. On a 
fixed furnace does such a depth as 44 in. present any difficulty to the 
operator in flowing out, when a hole is formed in the furnace bottom, 
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especially at the base of the front bank? A tilting furnace, working 
with a similar bath depth, can, of course, be more easily manipulated 
for such a purpose. : 

It is interesting to note the extensive use made of basic refractories 
in these furnaces, and the author’s remarks concerning the future 
possibilities of an all-basic furnace are indeed encouraging. I look 
forward to the time when we, too, will be able to do more with this 
type of refractory. 

With regard to the ribbed type of roof construction, is any 
difficulty experienced from dust collecting in the grooves? I have 
had some experience with ribbed roofs, and one difficulty which faced 
me was the heating-up of the brick caused by the dust deposits in the 
grooves, which I found were not always easy to remove. 

With reference to the instrumentation of these furnaces, I should 
be pleased to know more about the furnace draught control. What 
is the method of operation, and how does it work? Is it worked 
from the furnace pressure? If so, is the sensitivity such that it 
responds effectively to furnace reactions ? 

Finally, I note that sea water is used for all cooling on these 
furnaces; does any difficulty occur with salt deposits in the pipes 
or is any undue erosion of the valves or pipe joints caused ? 


Mr. RicHarp MatHEerR (Member of Council; Messrs. Pease & 
Partners, Ltd., Darlington) : We are fortunate in having a description 
of such a very interesting steel plant, which is obviously one of the 
biggest melting shops in the British Empire. It reflects great credit 
on the enterprise of the firm which has had the courage to build a 
shop of these very large fixed furnaces. The Broken Hill Company 
is associated with the Australian Iron and Steel Company, and 
pees them they have two very large and successful steelmaking 
shops. 

My interest is not so much in the details of furnace construction 
and operation, with which others here are more competent to 
deal than I am, but I notice that the author says that this open- 
hearth shop of seven furnaces has a capacity of 750,000 tons of 
steel ingots a year. I should prefer to be told how much it can 
actually produce. I am a little uncertain what ‘‘ annual capacity ”’ 
means; we frequently see statements of that kind and find from 
time to time that they are not strictly comparable. I have added 
up the individual capacities as shown in Table I. and divided them 
into 750,000, and I find that it will need 543 charges per furnace per 
year. That seems to me to be a tight fit, when allowance is made 
for the necessary time that each furnace will have to be down for 
rebuilding, and also when one finds, on p. 257 P of the paper, that 
F furnace, which has a nominal capacity of 230 tons (which is the 
divisor that I have taken into account), was working in the specific 
period of ten months referred to only on 203 tons per heat. I 
should be interested, therefore, to know how much this shop has 
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actually turned out in twelve months’ continuous work, which is the 
criterion that I myself would always prefer to apply to any question 
of the capacity of a producing unit. However, I have no doubt 
at all that if we were able to get that figure it would prove to be a 
high one, a figure which possibly we could not equal in Great Britain 
in a single shop. 

_ One knows that in dealing with big tonnages of production 
in a single unit the question of handling the material both into 
the producing unit and away from it is extremely important, and I 
notice from Fig. 1 and from the very brief reference at the top of 
p. 237 P that they are using a method of moving the ingots away 
from the casting pit to the soaking pits which is new, at any rate 
tome. I should like to have a little more information on how that 
arrangement works. I think that that general aspect of plant 
construction is one which in several papers presented to the Institute 
from time to time, of a nature allied to the one now before us, has 
not been given sufficient attention. We all find in our own experience 
that if we have a small number of furnaces in a shop and one furnace is 
down, the other furnaces do better, because we can concentrate our 
mechanical handling appliances and general auxiliary facilities more 
effectively. I think that this question of mechanical facilities 
and auxiliaries for handling materials is one which we should con- 
stantly keep before ourselves, and, when we have such an oppor- 
tunity as this, we should try to obtain detailed information on the 
subject for our own guidance in attempting, if we can, to increase 
the productive capacity of existing units. 

Dr. Gregory has referred to the question of the ingot-mould 
composition, and has drawn the deduction, I think rightly, that an 
analysis such as is given here shows that some of the features of 
ingot-mould composition on which people are occasionally inclined 
to insist are not necessarily essential. I can say from my own 
experience in India that there we made ingot moulds of rather more 
abnormal composition than these so far as phosphorus was concerned 
__we had not the high manganese—and yet we were able to get lives 
for ingot moulds very similar to these. There is no doubt that a 
considerable latitude is possible in regulating the composition of 
ingot moulds. 

Mr. Robinson said that this iron is a steelmaker’s dream, and 
indeed it would be an immense improvement for some of us if we 
could get anything half as good; but I happen to know that our 
friends in Australia are not satisfied with it. They were at that time 
rather exercised in mind that they were a little behind the maximum 
economy in production of at any rate the ordinary qualities of steel, 
because their iron contained so much manganese that they could not 
use the duplex process (which is fairly widely used in America and 
largely used in India), because the high manganese stood in their 


way. 
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Dr. T. SwrnpEN (Member of Council; The United Steel Com- 
panies, Ltd., Stocksbridge, near Sheffield): A good deal has been 
said about the pig iron being ideal, but I think we should also con- 
cede that the paper gives evidence of excellent shop control and 
management. It would be quite impossible to prepare a paper 
of this kind in such detail unless there was very excellent control, 
and unless there were facilities for that control. The author is to be 
congratulated on being engaged in such an excellent plant as well as 
with such excellent material. 

There are points on almost every page of the paper on which one 
could comment, but mainly this is a record of what is being done 
with a certain class of material, and it is for us to see whether 
we can learn anything from it to improve our own practice. On the 
question of slag control, I entirely agree with Dr. Gregory that 
the adding of sand is something unheard of here, and one does 
wonder whether sufficient attention has been paid to the amount of 
slag produced—after all, 15°% is quite considerable—and whether 
what is required could not be obtained by other means. One has 
the impression of such excellent control from reading the paper 
that one hesitates to criticise, but I agree with Dr. Gregory that the 
statement that “sand should be regarded as a necessary basic 
open-hearth flux, and the controlled use of it recognised as a valuable 
aid in the production of basic steel’? cannot be accepted for British 
practice. 

On the question of ingot moulds, I have not had the opportunity 
of examining this very carefully, but I would point out that the 
wall thickness is high, and I should not regard the lives as being 
anything phenomenal. I am inclined to agree, having spent a good 
many years studying this question, that the composition is perhaps 
not as important as one had thought. However, we have examined 
our data by statistical methods and we try to control according to 
the evidehce which these methods show us. 

One point on which I should like a little information is on p. 
237 Pp, where it is stated that “‘ ingots are cast into moulds on fixed 
stools in single line *’—and remember we are talking of casts of 160 
tons capacity. On p. 262 Pp, however, the author says that “ all ladles 
are double-stopper-rigged,’ which would imply that the not un- 
common method of casting two rows alongside is employed. I 
should be interested to know how these two statements are reconciled. 

Finally, I am particularly interested in the section on refractories, 
and in the basic steelmakers’ dream of the all-basic furnace. We 
have had one or two shots at that, but have not been too successful. 


Dr. Davip Brynre (The Lancashire Steel Corporation, Ltd., 
Irlam,near Manchester): On p. 257 P the author gives very low 
figures for the heat consumption per ton of ingots; I should like him 
to give more details of how these figures were arrived at. Does he 
include week-end stoppages and all contingencies?. We all know 
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that the quality of the raw materials is very good, and tends to result 
in a low figure, but I cannot see how he can get such a low figure 
as 2,862,000 B.Th.U. per ton; in Britain it is more like 4,000,000- 
6,000,000 B.Th.U. per ton, which includes week-ends and allows 
for any breakdown or stoppages. It would be of interest, therefore, 
if the author would say exactly how that figure was arrived at, and 
also what type of steel was made at the time, which is another 
important factor. 

I notice that all the steel is top-poured. Could the author say 
whether ascension teeming has been tried by him and has been found 
unsuitable for his qualities, and, if so, could he state the reason for 
such a decision ? 


Mr. T. Jonny (Messrs. Guest Keen Baldwins Iron and Steel 
Co., Ltd., Port Talbot, Glam.): Both Dr. Gregory and Dr. Swinden 
have mentioned the interesting question of adding sand to an open- 
hearth bath. On reading this paper I formed the opinion that both 
the author and his Company are to be congratulated on an open- 
minded approach to their open-hearth problems, and here I would 
refer to Fig. 7, which gives the silicon contents of the iron. The 
variations rather surprised me; we have maxima at 2-2% and 
minima down to 0-4%,, while in the mixer we have 1-2% to 06%. 
With their raw materials, that strikes me as rather irregular, 
and I wonder whether that is not the reason for the addition of 
sand to the open-hearth bath. I presume that they have a very 
tight slag control and want more silica on occasions in the slag, and 
this is one method of getting it conveniently. 


Mr. J. N. Kiwpy (Hon. Member of Council; Messrs. Richard 
Thomas & Co., Ltd., Scunthorpe, Lincs.) : The Australian Company 
is to be congratulated upon their policy in building the steelworks 
where they are and in developing raw materials. It should be 
remembered, however, that in Britain there have been big outputs 
and many features contributory to these rather similar to those in 
the plant described in Australia. ite 

Purely as a matter of interest I propose, ina written contribution, 
to refer to furnaces which have operated in England with Lincolnshire 
metal, up to 80% of phosphoric iron, and, at the same time, offer 
criticism of the paper. 

To my mind, the load of a basic open-hearth furnace is governed 
by the phosphorus and silicon in the charge, that is, the slag volume 
is the biggest indicator of the load. 

At Redbourn, we operate fixed-furnace practice with 20-30% 
of slag. It will be appreciated, therefore, that the Australian > 
process is a totally different proposition and does not impose a load 
on the furnace structure or capacity such as we experience ™ 
Britain, because their slag is under 10%. , 

Furthermore, they are running 80° of metal with about 4 ewt. 
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of oxide of iron per ton of steel produced. The resulting reaction is a 
tremendous heat producer. With their very small volume of slag 
the wear on their furnace structure must be correspondingly low, 
for the bigger the slag volume on any open-hearth furnace the greater 
is the wear on refractories, particularly the roof, linings and ends. 
The height of reaction in the furnace is more steadily maintained, 
and this keeps the region above the bath level much more voluminous 
than in English practice, all in favour of furnace life. | 

Personally I do not think that 2,000 tons of steel a week, with the 
materials which they are using, is anything extraordinary. Just 
before the war we had reached an output of 1,800 tons of steel a week, 
working on a ratio of 75° phosphoric pig iron, from open-hearth 
furnaces which were originally of 60 tons capacity but which had since 
been altered to a nominal 100 tons capacity. I know that com- 
parisons are odious, but I felt that it would be of interest to mention 
those points, and I think it will be interesting to give particulars of 
campaigns on furnaces which operated with fully basic materials 
above the slag arches, including the roof, before the war and just 
after war broke out, and where the average output was over 1,500 
tons per furnace. 


Mr. R. H. Myers (The British Iron and Steel Federation, 
London): With reference to ingot moulds, it will be seen from the 
analyses of mould irons given on p. 264 P that a relationship exists 
between the silicon content and the life; as the silicon increases 
from about 1°% to 2% the mould life decreases. This is in line with 
results given in the Eighth Heterogeneity Report by the Ingot 
Moulds Sub-Committee.1_ The manganese content is high, but it is 
probably dictated by the irons available and is not necessarily 
intended. 

Phosphorus appears to exceed the danger limit. J. G. Pearce 
stated in the Seventh Heterogeneity Report 2 that more than about 
0-3% of phosphorus was apt to harden the iron by forming a con- 
tinuous network of the phosphide eutectic, and results in British 
practice since reported show a falling off in mould life once the 0-3°% 
mark is exceeded; below this value, however, mould life appears to 
improve with an increase in phosphorus. 

The metallurgical load can be measured roughly by the slag 
volume carried. The Kembla yield is given as 9°, whereas in 
British pre-war hot-metal practice this ranged from 14 to 27%, 
with an average of about 18%. The British war-time slag yield 
has been increased probably in some cases by some 30-50%. 

The insulation of furnace hearths always raises in my mind 
questions as to whether (i) bottom repairs would be increased 
owing to the decrease in temperature gradient, and (ii) the insulating 
properties of the material would suffer after a time owing to com- 


1 The Iron and Steel Institute, 1939, Special Report No. 25. 
* The Iron and Steel Institute, 1937, Special Report No. 16. 
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pression by the weight above. Diatomaceous earth, however, used 
in the Kembla furnace, might be so constituted as to withstand 
high compression and so be able to retain its voids even under the 
drastic conditions imposed. Information on these points would be 
helpful. 

It is stated on p. 254 p that G furnace regenerators and fantails 
areinsulated. Having regard to the large slag pockets, it might have 
been beneficial to extend the insulation to these also. Much heat 
must be lost through the relatively thin wickets, the insulation 
of which would not be difficult; moreover, this material could be 
recovered for re-use. 

Concerning ‘‘suspended”’ roofs, referred to on p. 243 P, these 
are known in Great Britain as “sprung” roofs. This might be 
misleading, as over here the term ‘‘ suspended roof” implies an 
entirely different construction. 

Turning to fuel, the plant is fortunate in being able to switch 
over from producer gas to coke-oven gas and tar, once the furnace 
draughting conditions fall off. The resulting improvement in 
performance is not surprising, seeing that the waste-gas volume 
for coke-oven gas and/or tar is roughly 30% less, for a given heat 
input, than that for producer gas alone. 


The PrestpeNnt (Mr. James Henderson) : I should like to say a 
word about the development in Australia of the steelmaking industry. 
There is no doubt that the greatest credit is due to the Broken Hill 
Proprietary Company, who are the owners of the Australian Iron 
and Steel Company, for the development out there. They started 
a number of years ago under very great difficulties. It will be 
noticed from the paper that they have a sea-haul of 1,000 miles for 
their iron ore, from South Australia to N ewcastle and Port Kembla, 
and in various ways they have shown a spirit of enterprise and energy 
that is very creditable to them, and incidentally to the British 
Commonwealth, of which they are proud to be a partner. 

One thing not mentioned in the paper is the orderliness and 
tidiness of the plant of the Broken Hill Company. I had the 
privilege, perhaps not shared by many in this room, of seeing those 
plants a little over four years ago, and I only wish that they were some 
thousands of miles nearer, so that we could all have the benefit 
of visiting them and appreciating the wonderful work which they 
have done in making their plants tidy and orderly, with a definite 
increase in efficiency. It was really an education to me to visit 
those plants and to see what had been done. 1 

We have marked our appreciation of this paper by awarding the 
author a Williams Prize, and’I am sure you would wish to convey 
to him, through the Secretary, our admiration for the paper. 
We have also to thank Mr. Robinson for his presentation of it. 
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CORRESPONDENCE. 


Dr. J. H. Cuusters (Central Research Department, The United 
Steel Companies, Stocksbridge, near Sheffield) wrote: Refractories 
technologists will be delighted with the very thorough and illumin- 
ating way in which the author has dealt with this aspect of the 
Port Kembla plant. 

The author has raised many points on which we should like to 
comment, e.g., the high lime content of the silica bricks, the low 
magnesia content of one chrome ore in Table III., and the small 
cross-section of some of the chrome-magnesite metal-case bricks, 
but we shall restrict our remarks to the section dealing with bottom 
maintenance. 

The author’s statement that “‘ the quality, quantity and yield 
of steel made in any open-hearth shop is largely dependent on bank 
and bottom maintenance ”’ will be an added stimulus to those in 
Britain who are devoting so much time to the study of open-hearth 
and arc-furnace bottoms. It is true that Australian bottom 
technique is more like the American than the British, but the 
information given and the additional data which we hope the author 
will consent to give should be of considerable value to this country. 

Virtually all basic bottoms in England are made and maintained 
with burnt dolomite (‘‘ Basic’’). The use of hydrated magnesia 
in pug form for repairing bottom holes and of raw dolomite for 
general fettling is therefore of particular interest. So, also, is 
the suggestion that the ‘‘ best fettling refractory would appear to be 
a self-bonding weatherproof ferruginous dolomitic material in 
uniformly sized acicular particles of high softening point.’’ We 
presume that the author refers to the type of material produced in 
America in a rotary kiln, using an addition of iron oxide equivalent 
to about 5%, in the final product. We believe that these particles 
are rounded, as are also those in our dense-packing mixtures, and 
hence we should like to know why the author considers an “‘ acicular ”’ 
character desirable. 

The main points on which we should like further information 
are as follows : 

(1) What is the grading of the raw dolomite? Just how 
“small” is it, and is it free from dust? Does the author use this 
material because it is cheap and one can “‘ get away with it” or 
because it has certain advantages over burnt dolomite ? 

(2) What are the average fettling times on these furnaces and 
what amounts of raw dolomite, burnt dolomite and calcined mag- 
nesite are used per ton of steel made? Does the consumption of 
fettling material increase with the age of the bottom ? 

(3) Does the use of bauxite instead of fluorspar in slag-making 
result in an increased consumption of fettling material ? 

(4) Is the slag-line cut worse and the consumption of fettling 
material greater when melting steels with slags having high iron- 
oxide contents, such as B127 in Table XII. 2 
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Mr. H.C. Woop (The Wellman Smith Owen Engineering Corpora- 
tion, Ltd., London) wrote: From a constructional point of view 
the open-hearth plant of Australian Iron and Steel, Ltd., at Port 
Kembla, so ably described in Mr. Knight’s paper, is of considerable 
interest. The choice of stationary furnaces of such large capacity, 
producing big tonnages of steel, makes it essential that both the 
furnace charging and casting shops should be of ample width and well 
provided with charging and crane equipment. Itis noticeable, how- 
ever, that in the text on pp. 236 P and 237 P the spans of the furnace 
and casting bays are given as being 80 ft. and 67 ft., respectively, 
whereas the cross-section drawing Fig. 1 indicates that the spans 
measured from centre to centre line of the columns for both shops 
are 71 ft. 102 in. Possibly the 80-ft. dimension for the. charging 
bay includes the platform which extends into the casting bay. 

It would have been a welcome addition to the information 
supplied in the paper if a plan view of the plant had been added. 
This would no doubt have indicated the position of the 1,200-ton 
metal mixer relative to the furnaces. It is not clear from the text 
whether the mixer is located at one end of the plant or at some other 
point. Ifthe former applies it would seem that the hot-metal crane 
has to travel considerable distances to serve the various furnaces to 
be charged. If, therefore, this 100-ton crane runs, as appears to 
be the case, on the same track as the overhead chargers, the work of 
the latter must be somewhat hindered. It is, however, recognised 
that the percentage of scrap and cold pig iron charged is unusually 
low. 

The method of employing a stripper crane of the semi-portal 
type indicated in Fig. 1, which also serves to pick up the stripped 
ingots and cross-traverse them to the transfer car located in the 
adjacent bay, appears to introduce a novel design. It would seem, 
however, that such a combined stripping and ingot transfer machine, 
with its two trollies and telescopic side-traversing framework, must 
be somewhat cumbersome, and that the two units employed, if also 
used for mould setting, must be kept heavily occupied in handling the 
large tonnage of steel produced. 


Mr. J. Suxcuarr Kerr (Member of Council; Lancashire Steel 
Corporation, Ltd., Irlam, near Manchester) wrote: On reading this 
paper of comprehensive interest, for which we are all indebted to the 
author and his Company, I was impressed with the difference between 
the conditions under which we have to work, especially at the present 
time, and those at Port Kembla. I have examined these diversities 
of practice, but, of course, much depends on the quality of the raw 
materials available. Port Kembla is fortunate in the high quality 
of the charge ores, which have only 3% of silica and 3% of alumina, 
and the scrap is apparently all, or nearly all, high-grade mill scrap 
I note with interest that they work to a high hot-metal/scrap ratio, 
and a heavy ore charge, which results in pronounced bath boils, a 
practice which they also use for deep-drawing automobile sheets. 
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They do not seem to be troubled with small oxidisable scrap 
such as turnings and borings, and the problems of miscellaneous 
scrap do not arise, e.g., the efforts required to keep down extraneous 
metals such as copper, &c., and the harmful effect on refractories 
due to zine from brass contaminations. I have found zine im- 
pregnated in the checker bricks. Dies 

I notice that all their steels are top-poured. We, in Britain, 
find that when a good surface finish is of great importance ascension 
teeming is beneficial, even when taking into account teeming 
speeds, &c. I would have thought that Port Kembla would have had 
to resort to ascension teeming on occasions, especially since their 
anti-splash device would be of only limited usefulness in preventing 
the steel from splashing when the stream of metal hits the stool. 

Turning to the subject of mould metal, I notice that they use 
mould metal with up to 0-54°% of phosphorus and obtain a good 
mould life. The analysis of the mould metal on p. 264 P, coupled with 
the number of lives, will, no doubt, be studied in detail by the Ingot 
Moulds Sub-Committee. I notice that the sulphur figures are very 
low and wonder if this can permit more latitude in other directions. 
I agree with the author’s views on the precautions necessary to ensure 
a long mould life. 

The Kembla management are keenly interested in instrumentation 
and their furnaces are equipped with well-designed instrument panels. 
I have recognised the value of endeavouring to equip open-hearth 
furnaces as fully as possible, but would have liked the author to say 
what system of instrument maintenance and compilation of records 
they have developed. 

I particularly note the high percentage of tar which is used 
for firing the open-hearth furnaces. The heat input derived from the 
tar is 51-8% and that from coke-oven gas 48-:2%. It is also stated 
that, should increased heat input be required, the tar supply would be 
stepped up, and, further, that high proportions of coke-oven gas are 
not encouraged, because experience has shown that, when fired at a 
rate exceeding 50,000 cu. ft. per hr., it tends to “‘ fly ” badly to the 
roof, causing overheating, which is what one would expect. I 
have noticed it in furnaces on the Continent, and steps were taken to 
cure this, 

Importance is attached to the use of the disappearing-filament 
optical pyrometer in taking pouring temperatures. I would not 
have thought that too much reliance could be placed on these read- 
ings of liquid steel. Extensive studies may have been made of this 
method, but I am inclined to think that the author has placed too 
much reliance on this apparatus for obtaining the pouring tempera- 
ture of steel. 

The supervision of the manufacture of producer gas is, in my 
opinion, of first importance, no matter how good the coal is. 

The description of the development of the design of the re- 
generators is of very great interest, and I am sure that it would be 
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much appreciated by those interested in the development of furnace 
design if this description could be supplemented in the near future 
with complete thermal analyses of their performances. 

The quality of the pig iron and materials will contribute very 
considerably to the life of the furnaces. 

This paper will be widely read in Great Britain, and I should 
say that the majority of people will look upon the Kembla Works 
as the steelmaker’s paradise. 


Mr. G. A. V. Russet (Messrs. Steel, Peech and Tozer, Sheffield) 
wrote: To those, like myself, who are struggling under war con- 
ditions to maintain and improve open-hearth performances in Britain, 
some of the advantages possessed by Port Kembla, such as its hot 
metal and liquid-fuel resources, will be a source of envy. This 
does not, however, detract from one’s admiration for the achieve- 
ments recorded, as the difficulties that have had to be surmounted 
can be fully appreciated. 

The layout of the open-hearth shop is an interesting blend of 
European and American ideas. The employment of overhead 
revolving chargers handling pans directly filled on the stage gantry 
recalls European practice, whilst the general arrangement of the 
building is more American. If Mr. Knight had to work considerably 
higher scrap charges, would he still prefer this charging arrangement, 
or would he favour the American system of loading scrap in pans on 
drags of cars, which are spotted in front of the furnaces, and thence 
charged by means of husky non-revolving floor-type machines ? 
I wonder, also, if the overhead chargers are not a slight drawback 
in restricting the freedom of movement of the hot-metal crane. 

The teeming arrangements are rather unusual, bearing in mind 
the large output. It is not quite clear to me where the requisite 
moulds are stocked, but I presume that these are stored in various 
parts of the casting bay out of direct reach of the strippers and are 
brought within the latter’s reach by the general-purpose pit-side . 
crane. In the absence of a layout plan, I would ask how many 
ingots the ingot transfer car carries at a time, and what is about the 
average distance that this vehicle must run in delivering ingots to 
the soaking-pit charging cranes. 

In the case of the producer-gas-fired furnaces, it is presumed 
that burning-out takes place as usual at week-ends, but no indication 
of the length of the week-end shut-downs is given. Referring to 
the tar and coke-oven-gas fired units, are these worked continuously 
without break at the week-ends ? 

The furnace designs developed at Port Kembla, both in general 
dimensions and in detail, appear to be as good as anything in the 
world. It is interesting to observe the progressive increase in roof 
height that has taken place as successive furnaces have been built 
or rebuilt to provide greater cross-sectional areas at the centre of the 
melting chamber. It appears, too, that the throat areas have been 
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progressively increased, with advantage in both performance and 
life. The generous size of uptakes provided in the most recent 
and rebuilt furnaces is a noteworthy and most valuable feature, as 
are the slag-pocket dimensions that have been adopted. It would 
be interesting if Mr. Knight would give his experience with the wide 
jack arches employed in his checker chambers and slag pockets, 
as they are a decided contrast to the semi-arch usually employed 
in Britain. If there is one feature about the design of the 240-ton 
furnace that appears slightly weak, it is the bridge wall. It may be 
wondered if this should not be strengthened and ventilated, even at 
the expense of some reduction in slag-pocket volume. The abolition 
of the usual American fantail flue connection between the slag 
pockets and the checker chamber and the incorporation of the 
space that these require in the slag-pocket volume is an excellent 
feature. 

Regarding the furnace performance figures given for F and G 
furnaces, it would be valuable if Mr. Knight could give correspond- 
ing typical data for one of his 160-ton producer-gas-fired units. 
It is presumed that these have rather smaller hearth areas than the 
tar and coke-oven-gas fired furnaces, owing to the greater space 
required for the port ends with producer-gas firing. 

In connection with the employment of two ladles and a bifurcated 
launder for the large furnaces, are any special means used to ensure 
an equal flow of steel into the two ladles, so that finishings may be 
added accurately enough to enable steels of fairly close specifications 
to be made? The practice of filling-up a steel furnace as much as 
possible is, generally speaking, an easier way of securing the maxi- 
mum production than working a smaller size of charge and having 
to tap more frequently. Usually, however, the quality of steel 
produced is not so regular as when the whole charge is tapped into a 
single ladle. 

A notable feature of Port Kembla practice is the small slag bulk 
obtained in spite of the high percentage of hot metal used, which, 
of course, is due to its low phosphorus and moderate silicon contents. 
In spite of this, however, I infer that run-off slags are regularly 
tapped, and. estimate that the thickness of the slag covering after 
running-off is only an inch or two. This condition should be a 
great help in securing a high rate of output in conjunction with easier 
conditions on the roof refractories, as the transfer of heat to the 
metal will be appreciably accelerated when compared with the more 
usual slag thickness of 4-6 in. It would be interesting to know what 
saving in time the author considers the employment of a run-off 
slag to effect under his conditions. 


Dr. A, H. LEcKIE (The British Iron and Steel Federation, 
London) wrote: There are two points which call for special com- 
ment in connection with the design of the author’s furnaces : 


(1) The unusually large uptakes are to be commended as a 
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particular point of design to be imitated where possible. It 
will be observed from Table IV. that the tendency is to enlarge 
the uptakes still further when rebuilding. 

(2) Fig. 3 shows that the large slag pockets have the plane 
of the bridge wall (separating the slag pocket from the re- 
generator) some distance in front of the nearest uptake. This 
is a good point favouring free-draughting conditions and more 
even flow between the two uptakes. 


Calculation of a rough draught balance for the outgoing waste 
gases in the case of G@ furnace indicates that a draught of just over 3 in. 
W.G. would be sufficient to exhaust the waste gases from the fuel 
quantity given on p.239P. Obviously there is an ample margin of 
draught with the available 2 in. W.G. and this ample margin will 
help towards the attainment of lengthy campaigns; on the other 
hand, careful draught control must be necessary. 

With regard to performance, speakers at the Meeting stressed 
the very favourable metallurgical load of the Port Kembla furnaces 
compared with British practice. Whether the high output and low 
fuel consumption of these furnaces are due entirely to the light 
rhetallurgical load or whether the good design also plays a part is 
rather difficult to assess, particularly as there are no fixed furnaces 
of comparable capacity in Britain. There are not sufficient data 
given in the paper to permit of the evaluation of performance 
figures by the methods outlined in The Iron and Steel Institute’s 
Symposium on Steelmaking However, the influence of the 
metallurgical load can be largely eliminated by considering the 
rate at which cold materials are melted, and Mr. Knight gives some 
data in Table XI. which enable one to make calculations for com- 
parison. For Port Kembla heats D43 and F249 we have: 


DA3. F249, 

Heat required to melt solid components of charge. 
Therms. . ; . é : : 4 : 1290 1164 
Time from starting to charge till melt. Hr. . ; 10-17 9-55 
Therefore rate at which furnace supplies useful heat. eke ae 


Therms per hr. : 3 


The only available data for a British furnace working a similar size 
of heat are those published in The Iron and Steel Institute’s Sym- 
posium (loc. cit., pp. 132-133) referring to the Cargo Fleet tilting 
furnaces. The average of the data given for three heats gives results 
as follows : 

Average heat required to melt solid charge . : 1106 therms 

Average melting time . : : : : 9-36 hr. 

Therefore rate at which furnace supplies useful 

heat 2 : 5 ; : 3 


In this particular example there is little difference between the 
Australian and British furnaces as regards melting ability, and it 


1 The Iron and Steel Institute, 1938, Special Report No, 22, p. 390. 


118-2 therms per hr. 
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does look as if the high output of the Port Kembla plant is mainly 
due to favourable materials. ag 
It is rather surprising that a greatly superior melting ability 
is not shown by the Port Kembla furnaces, considering their ex- 
ceptionally good design. Probably the reason for this is that with 
hot-metal practice and deep baths the merits of these furnaces as 
regards good design, efficiency of combustion and high potential 
heat throughout in the melting chamber cannot be advantageously 
used. In hot-metal practice, for most of the operating time the heat 
input to the material is limited, not by what the flame can release, 
but by what the charge can take up, so that a keen furnace has to be 
held back. It is important to bear these limitations in mind, as, if a 
hot-metal furnace in Britain were rebuilt to the Port Kembla pattern, 
it might give no better results than a less advanced design. It 
would be very interesting to see what melting rates Port Kembla 
furnaces could attain when working the cold-metal process. 


Mr. J. N. Kitspy (Hon. Member of Council; Messrs. Richard 
Thomas & Co., Ltd., Scunthorpe, Lines.) wrote: The outstanding 
features of the practice at the Port Kembla Works are the quality 
of the iron-bearing raw materials and the consequent type of hot 
metal transferred to the mixer and, later, from the mixer to the steel 
furnaces. With such raw materials and furnaces of such sound 
design and so generously proportioned, the output of steel per hour 
should be the highest, and with the minimum of fuel consumption. 
Regularity in feeding the steel furnace, both in tonnage and in 
quality of metal, and the subsequent important relationship to output 
and the resulting steel quality generally are two of the elementary 
but most important features in open-hearth furnace working. 

The output of steel ingots per unit per hour always intrigues one, 
and very often causes a certain amount of worry. I well remember, 
even in my very early days, having to take many a rude jar when 
it was impressed upon me that English output per furnace was half 
what it was in Germany, but I am sorry to say that vital operative 
details were never submitted at the same time. 

It has been my fortunate lot to operate open-hearth furnaces 
of all sizes and types, consuming every class of raw material and 
covering every quality of steel product. Therefore, I am taking 
the opportunity so well afforded to put on record a few of my views 
relative to basic open-hearth steel production, many of which have 
been expressed at metallurgical and other meetings over a long 
period of years. : 

In introducing these features of English practice, I do not wish 
for a moment to detract from the value of Mr. Knight’s contribution, 
nor, so far as this is concerned, give anything but appreciation, and 
whilst he has not, for obvious reasons, given us any figures of cost, 
one can readily draw conclusions as to what they might be. 

Long practice has proved the value of operating with low- 
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phosphorus iron (0-:1% max.) as against basic iron containing 
1-5-1-75° of phosphorus. The output of ingots is at least 40% 
in favour of the former, and where the charge is enriched with 
manganese this increase is greatly extended. Other factors being 
constant, hot-metal practice on phosphoric iron is at its lowest 
as regards both output and quality of material when the silicon 
and phosphorus are at their highest. As an example, consider two 
furnaces operating on 60-80%, hot-metal practice, (a) working iron 
containing 0-6-0-9% of silicon and 1-2-1-4% of phosphorus, and (6) 
using iron with 1% or more of silicon and 1-4-1-8% of phosphorus ; 
the output of (a) will be not less than 20% greater than that of (0). 

As the slag ratio increases the output drops, not in proportion 
but increasingly, and the quality and yield of the product also fall 
very considerably. : 

Taking one works as a guide, the cost of ingot production in the 
two cases quoted above, based on a given percentage of pig iron, 
shows a difference of 10s. per ton and an ultimate mill yield of 5% 
in favour of (a). 

Table A is an expression of corresponding results confirmed by 
long recording ®f results in practice, reduced to simple figures. 


Tapie A.—Influence of Slag Volume on Output of a 100-T'on 


Furnace. 
Output Gain, Tons— 
7 Slag Output. 
Effect. Effect. 
(a) , 25 100 ee ase Corresponding to 60-75% hot 
metal (phosphoric). 
(b) é 20 120 15 5 
(c) ; 15 140 30 10 : 
(d) * 10 170 45 25 Corresponding to Australian 
° practice  (manganiferous, 
low phosphorus). 


Assuming a reasonable average figure for output from a 100-ton 
furnace operating on phosphoric pig iron under normal conditions 
to be 1250 tons per week, there would be no difficulty with the same 
melting capacity but using low-phosphoric iron and a consequent 


low slag ratio in attaining an output of 2000 tons. 

Reaction Overflow Slags.—Over a period of years attempts have 
been made in Britain, by a combination of metallurgical and engineer- 
ing expedients, to effect slag removal from fixed furnaces. I have 
yet to see results which confirm any regularity or effectiveness of this 
operation. 

With the Australian conditions of high-manganese and low- 
phosphorus iron, the slag conditions, whilst exceptional to us, are 
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still readily understandable, and the resultant smooth working and 
effectiveness are natural. Also, there is nothing irregular or extra- 
ordinary in the use in Australia of silica as a reagent during conversion, 
although such would be prohibitive and impracticable in English 
basic open-hearth practice. 

This paper on Australian practice on low-phosphorus material 
indicates that with the available raw materials in Britain the load 
on the open-hearth furnace can and should be lightened to the 
fullest extent possible by selective pig iron manufacture, and the 
abolition of mixers, which usually only touch the fringe of the good 
work which could be done if displaced by installations of what I 
would call “primary”? furnaces of adequate capacity, 7.e., well. 
above the steel furnace demand, which would ensure ample supplies 
of metal of consistently correct analysis at the right temperature, 
thereby fixing the ratio of fluxes for slag-making and conversion 
in the open-hearth furnace. ~ 

It is interesting to see that fixed furnaces operate so well even 
up to such a great capacity as that noted in the paper, and we have 
heard of even bigger tonnage furnaces in the United States of 
America. Such tonnages would become impossible with a phos- 
phoric-iron load, and not only would primary-furnace operation 
have to come into the picture, but it would also be necessary for 
tilting steel furnaces to be seriously considered when lining up steel 
plant design. 

Furnace Design.—The principles of design of the furnaces, as 
shown in the paper, are good and indicate a generous approach to 
the problems usually met with in steel conversion. 

We in England err on the mean side in our considerations of 
dimensional ratios to capacity, and it would be advantageous to 
be more generous when considering margins of safety and allowances 
to parts which age prematurely and determine not only the length 
of the seasonal campaign of a furnace but also the total furnace life, 
z.e., from the time when the furnace is built to the time when it is 
totally rebuilt. : 

We have great room for improvement in steel plant layout and 
steel furnace design, covering the primary treatment of materials, 
the conversion and transference of steel and the disposal of slag 
and dirt to ensure shop balance and elasticity. 

Development of the All-Basic Furnace—After we have regularised 
the charge and the furnace dimensional ratios, the resistance of the 
steel furnace to fastest service conditions is ruled by the type and 
quality of the refractories employed. The improvement of basic 
refractories will certainly go ahead when conditions allow of full 
development. : 

Close practical experience and knowledge only can gauge the 
efficiency of repairs, fettling and care of a furnace and measure the 
consequent wide difference between the siliceous and basic con- 
struction of the furnace, 
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Even when obtaining moderate outputs the difference is great, 
but where large outputs are expected and the furnace has to be 
driven basic construction becomes imperative. 

Actual experience only can gauge the physical and mental 
endurance required to drive a steel-furnace and the efficiency re- 
quired in the placing of the necessary fettling and repairs. 

Continuous Working.—To obtain the maximum output and use of 
the all-basic furnace, it is necessary to work continuously as far as 
possible through the week-end, .¢., the furnace should not be stopped 
except for an essential repair which necessitates the gas being taken 
off. The peeling of the roof and lining structure is thereby mini- 
mised. 

The war, of course, stopped our activities in connection with the 
development of the all-basic furnace. Briefly, so far as we had gone, 
our conclusions were that when materials are available, we shall 
proceed with the development from the point where we left off, and 
we shall attempt to make the campaign of the furnace as con- 
tinuous as possible; then our gain should be not less than 25% in 
increased output, based on a normal working week, and considerably 
greater if we are permitted to operate with no week-end break. 
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Fie. B.—Section through Bath of 100-Ton Open-Hearth Furnace. 


Depth of Bath.—OQOver many years’ practice I have often heard 
references to the depth of bath. The Australian furnaces are not 
particularly deep, considering their working conditions, viz., good 
raw materials, intense reactions and small slag volume. On large 
furnaces an increase of the depth by 6-9 in. does not slow up opera- 
tions, but, on the contrary, is an advantage, viewed from every angle. 
In England, we are apt to squeeze our open-hearth furnace capacity. 
As the furnace becomes larger structural difficulties and the re- 
liability of the roof become highly important. I know of no rule 
which determines the most efficient depth of hearth, and I believe 
we are led a good deal by tradition. 

Under the conditions that the paper describes and with the 
fettling materials at the author’s disposal, I do not think that the 
depth of the furnaces should be stressed particularly, but if a 
steel furnace is going to keep a good dimensional ratio for very 
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heavy tonnages, the depth of hearth must increase out of proportion 
to the usual standard based upon small-furnace practice, and I do 
not foresee any ‘‘ muffling ”’ effect on operation and output if carried 
out within reason. 

The main feature is a physical one, i.e., the fettling of the furnace, 
and as the depth of hearth, particularly on a fixed furnace, is a 
consideration, this has to be borne in mind. 

Fig. A shows the lines of development on open-hearth furnaces 
at Redbourn Works. 

In order to illustrate the bulk effect on the hearth area of high 


Sill ~Plate Level 


and low slag ratios, Fig. B, a section through the bath of a 100-ton 
open-hearth furnace, and Fig. C, a similar section through the 
230-ton Port Kembla open-hearth furnace, have been prepared. 
In them the slag volume and depth are shown in relation to the bath 
of steel, taken on a line through the centre of the furnace. In Fig. B 
there is an 8-in. blanket of phosphoric.slow-refining slag on 30 in. 
of steel; in Fig. C (Port Kembla) there is just over 4 in. of non- 
phosphoric highly basic rapid-working slag on 34 in. of steel. 


It is regretted that the author’s reply has not been received at 
the time of going to press. 
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A CRITICAL CONSIDERATION OF SOME 
APPLICATIONS OF THE SPECTROGRAPH 
TO STEELWORKS ANALYSIS.! 


By H. T. SHIRLEY, B.Sc., A.R.C.S., anp E. ELLIOTT, Assoc.MEt. 
(BRowN-FirTH RESEARCH LABORATORIES, SHEFFIELD). 


(Figs, 1 to 5 = Plates VI. to IX.) 


Paper No. 18/1943 of the Committee on the Heterogeneity of Steel 
Ingots (submitted by Dr. W. H. Hatfield, F.R.S.). 


SUMMARY. 


Developments in the technique and application of spectrographic 
methods to quantitative analysis have been rapid in recent years. 
In regard to steel, F. G. Barker in 1939 (Journal of The Iron and 
Steel Institute, 1939, No. I., pp. 211p-245r) discussed and laid down 
a detailed procedure for the application of the spectrograph to low- 
alloy materials. The present authors have studied in considerable 
detail the application of such a method to routine steelworks analysis. 

It is pointed out that, at the present stage of development, errors 
in spectrographic analysis are often considerably greater than those 
of the alternative chemical procedure and possible advantages in 
speed or economy can only be exploited where the magnitude of the 
errors, coupled with the wideness of the melting specifications, makes 
their toleration possible. To explore the possibilities the whole 
technique has been studied and various precautions and modifica- 
tions have been introduced to minimise maximum errors without 
rendering the process impracticable or uneconomic. 

It is emphasised that the highest accuracy is to be expected 
where large numbers of casts are melted to a single specification, 
permitting concentration on a relatively narrow range of composi- 
tion. In the authors’ work this has been possible in the case of 
two high-alloy steels, and many thousands of casts have been 
successfully analysed. Full details of the technique, the lines used, 
and the results obtained are given. 

In addition, working details and typical results are given for 
the case of mixed batches of low-alloy steels. Although the rather 
lower accuracy attainable under such conditions, together with, in 
general, much narrower melting specifications, has so far prevented 
the successful large-scale application of this procedure by the authors 
to the routine works analysis of such low-alloy steels, considerable use 
has been made of the method in special cases. Moreover, conditions 
in individual works vary, and where they are such as to permit the 
concentration of a more limited range of compositions on individual 
plates, higher accuracy and more successful applications are to be 
expected for these materials also. It is hoped that the indications 
and data given will assist in such development. 


1 Received August 31, 1942. This paper is published by authority of the 
Committee on the Heterogeneity of Steel Ingots. The views expressed in it 
are the authors’, and are not necessarily endorsed by the Committee as a body. 
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INTRODUCTION. 


CuemicaL analysis has in many directions reached such a high 
standard of speed and accuracy thatthe merits of any alternative 
procedure must receive the most careful scrutiny if disappointment 
is to be avoided. ‘This is certainly true in the case of much steel 
analysis. 

In recent years the application of the spectrograph to quanti- 
tative analysis, as an alternative to the more normal chemical 
methods, has been developed and explored with increasing intensity, 
and many papers and articles have appeared dealing with its use 
in the most diverse fields. Under such conditions of rapid develop- 
ment some suggested applications of the method to fields where, 
in its present stage, it must prove inferior to existing chemical 
procedure are to be expected. Nevertheless, there are directions 
in which the spectrographic method has proved of very material 
value in steel analysis, and it is hoped that the present critical 
consideration of the application of the process to the analysis of a 
variety of alloy steels will help in defining the present limits of use- 
fulness, besides suggesting lines of further development. 

A good deal of the spectrographic work on steel carried out in 
America has centred round the development of methods for the 
rapid production of pass-test analyses, as, for example, in the 
work of Vincent and Sawyer at Michigan University, and its com- 
mercial application by the Ford Motor Company.! Success in this 
sphere demands careful preliminary study with subsequent intensive 
organisation and team work. It is also necessary that conditions 
should be suitable in regard to the variety of steels, the number and 
rate of delivery of samples, and the required limits of accuracy. 
Given these, improvement is clainied over normal chemical 
procedure. 

In Great Britain, Barker? has dealt with the subject from the 
alternative angle of the general routine analysis of miscellaneous 
samples of low-alloy and carbon steels, of composition ranging up 
to 45% of nickel, 1-6% of chromium, 2% of manganese, 0:7% of 
molybdenum and 0-3% of silicon and vanadium. It was on the 
basis of the detailed discussion of the method and procedure given 
in Barker’s paper that the authors commenced their study of the 
application of the spectrographic method to steelworks analysis. 
In the initial stages the work was therefore mainly concerned with 
carbon and low-alloy steels, but practical development was eventually 


1 H. B. Vincent and R. A. Sawyer, ‘‘ Routine Spectroscopic Analysis in 
Ford Motor Co. Foundry,” Metal Progress, 1939, ates 36, ial pp. 35.39; 
also Proceedings of the Seventh Summer Oonference on Spectroscopy and Its 
Applications (Massachusetts Institute of Technology), 1939, pp. 16-18. 

2 F. G. Barker, “ Some Applications of the Spectrograph to the Quanti- 
tative Analysis of Ferrous and Non-Ferrous Metals,’ Journal of The Iron and 
Steel Institute, 1939, No. I., pp. 211 p—245 p. 
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largely concentrated on certain higher-alloy steels, for reasons 
indicated in later Sections of the present paper. 


APPARATUS USED AND GENERAL PRINCIPLES OF THE METHOD. 


There are now various types of spectrographic apparatus on 
the market, including prism and grating spectrographs and _re- 
cording and non-recording photometers. For the work here 
described the authors have used essentially the same apparatus 
as that very fully described in Barker’s paper (loc. cit.), consisting 
of Hilger large quartz spectrographs (Fig. 1), Hilger non-recording 
photo-electric microphotometers (Fig. 2), and the Judd Lewis 
comparator for the general qualitative comparison and examination 
of plates and preliminary work on line selection. 

The general principles of spectrographic technique are now 
widely understood. Briefly, in the work here described, the speci- 
men to be analysed is used as one electrode, and a pointed graphite 
rod as the other. Passage of current from a 15,000-V. transformer 
across the gap between the electrodes vapourises some of the steel 
and causes it to emit light of wave-lengths which are characteristic 
of the particular elements present. The spectrograph splits up 
the composite light so emitted, giving a series of lines on a photo- 
graphic plate, each line corresponding in position to light of a given 
wave-length and in blackness to the intensity of the light of that 
particular wave-length. The intensity of light of any selected wave- 
lengths can then be determined from the density of the corresponding 
line on the photographic plate, this density being measured by the 
photo-electric photometer. The results of such determinations are 
then related to the composition of the sample by means of curves 
based on the response of ‘ standard” samples of known chemical 
analysis under similar conditions. 

In practice various corrections are required, and a first correction 
for fluctuation in the general density of the spectra is made by 
plotting, not the simple intensity or log. intensity against com- 
position, but the log. ratio of the photometer readings for the 
selected line of the element in question and a suitable comparison 
iron line, the iron line being used as a measure of the general 
relative density of the spectrum under consideration. 

With careful work, and without further correction, it will usually 
be found that most of the errors are within --5% of the amount of 
the element present, but occasional errors up to as much as +10% 
will occur. This is well brought out by Table XIII. of Barker’s 
paper (loc. cit.), in which the errors on fifty casts of nickel-chromium- 
molybdenum steel are summarised, using three spectra for each 
determination. Thus, for example, occasional errors of as much as 
+0-25% on 2-5-3-5% nickel are found. Errors of this magnitude 

1 Some workers plot log. ratios against log. composition for further sim- 
plification of line form, but the authors have.not found any practical advant- 
age from this in their work. 
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are, of course, too high for analytical work with steel melted to narrow 
specification limits if the melting tolerance is not to be entirely 
absorbed by the spectrographic error. In passing, it may be 
pointed out that the matter of most practical interest is not the care- 
fully computed mean error for the process but the magnitude and 
frequency of the maximum errors likely to be encountered. For 
successful application to routine analysis it is evident that every 
endeavour must be made to reduce these maximum errors and 
to confine the use of the method to fields where the residual liability 
to error can be tolerated. 

Before describing the technique employed and the results 
obtained in the authors’ work with different types of steel, it will 
be desirable at this stage to consider in some detail a number of 
sources of error and means adopted for reducing their effects. 


DETAILED CONSIDERATION OF TECHNIQUE IN RELATION TO 
SourcEs OF ERROR. 


Variations Introduced during the Taking of Spectra. 


Variations in the brightness and stability of the spark can 
easily arise during the taking of spectra, with consequent alteration 
of the effective exposure of the photographic plate, as well as the 
possible introduction of variations in the relative intensities of the 
light giving rise to the various lines. While it is often possible in 
practice to offset such changes more or less completely by applying 
suitable corrections, it is obviously desirable that they should be 
minimised as far as possible at the source. 

Stabilisation of the primary voltage applied to the transformer 
is an obvious precaution in this connection, but in the authors’ 
experience reasonable fluctuations here are not of great importance. 
The chief causes of variation are defects in the surface of the steel 
or graphite electrode points, causing unsteady sparking, and in- 
accuracy in setting the gap between the two electrodes, variations 
in the width of which seriously modify the spark intensity. This 
question of the size of gap is of very considerable importance, and 
it should always be set with the greatest possible accuracy consistent 
with the required speed of working. 

With the type of small ingots employed in the authors’ work, 
they have found an optical projection method the most generally 
satisfactory for measuring the ‘size of the gap. Some workers 
can obtain very good results with a gauge plate, but in most cases 
the authors have found that the optical method gives greater 
uniformity between operators, besides avoiding damage to the 
point of the graphite electrode. The general arrangement of the 
sample and projection lamp is shown in Fig. 1. 

The influence of variation in the gap width has been studied in 
detail for a number of steels, and the type of results obtained is 
illustrated by the values given in Table I., which relate to a high 
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TaBLE I.—Rotating Disc and Electrode Gap Experiments on Steel A. 


Silicon. 


Disc Experiments. 


Dise opening J 3 : ; C $ 4 Fa 
Fe line reading. Om. . = 30 12 7 
Total correction required on log. ratio Si [Fe Q +0-114 oe —0-043 
Photo-correction : “ . : : +0°119 mor —0:048 
Difference . . = - e —0-005 aan +0-005 
Gap-Width Experiments. 
Gap width. Mm. ; A . 2 a 1 2 3 4 
Fe line reading. Cm. . A 27 13 9 8 
Total correction required on log. ratio Si/Fe - | +0-128 ee —0-008 —0-038 
Photo-correction . . 5 5 - | +0-073 —— —0-018 — 0-023 
Difference . 5 A c i - | 40-055 aa +0-010 +0-015 
Manganese. 
Disc Experiments. 
Disc opening > A “ : - $ 4 £ 
Fe line reading. Om. . : 33 12% 6 
Total correction required on log. ratio Mn/Fe r —0-016 non +0-001 
Photo-correction . c 5 5 . 3 —0-021 ade +0-006 
Difference . 5 . : ° ‘ o +0:005 age) —0:005 
Gap-Width Experiments. 
Gap width. Mm, é a 5 ‘ ; 1 2 3 4 
Fe line reading. Om. . 3 27 11 6 5 
Total correction required on log. ratio Mae : — 0-032 585 —0-004 +0-066 
Photo-correction . ° & ° & —0-027 on +0-001 +0-016 
Difference . . : = c ; + | —0-005 Ses —0-005 +0-050 
Chromium, 
Disc Experiments. 
Disc opening c ‘ - : 4 $ = 
Fe line reading. Gm. ‘ 36 14 7 
Total correction required on log. ratio Cr/Fe A —0-169 a5 +0-031 
Photo-correction . 5 i A 5 —0-179 Ree +0-031 
Difference . : 5 3 5 . e +0:010 Ree 0-000 
Gap-Width Experiments. 
Gap width. Mm. - ~ 5 5 c 1 2 3 4 
Fe line reading. Om. é 30 14 8 8 
Total correction required on log. ratio Or/Fe 7 —0-139 awe +0-044 +0-105 
Photo-correction . - = . | —0-134 Bes +0:034 | +0-055 
Difference . ce ee i a é « | —0°005 565 +0°010 | +0-050 
Nickel. 


Dise Experiments. 
Disc opening 2 : ; : $ 4 2 
Fe line reading. Om. 18 10 


Total correction required on log. ratio Ni/Fe ; — 0-082 = +0°042 
Photo-correction . A ° ° 3 —0:-082 : +0:037 
Difference . 6 é 0 : 5 0-000 5 +0-005 
Gap-Width Experiments. 
Gap width. Mm. * 5 A = > 1 2 a 4 
Fe line reading. Cm. ‘i 33 17 9 8 
Total correction required on log. ratio Ni/Fe . | —0-057 aso +0-011 +0-001 
Photo-correction . és G é h; —0:°077 ti0 +0-016 +0-006 
Difference . ‘ * . . . $ +0-020 son —0-005 —0-005 
Vanadium. 
Dise Experiments. 
Disc opening : 2 : A 5 A 4 $ i 
Fe line reading. Om. Q 39 21 13 
Total correction required on log. ratio V [Fe ° — 0-164 ses +0-026 
Photo-correction . ‘ ° F . . —0-164 80 +0-036 
Difference . ° . . . ° ° 0-000 ae == 0010) 
Gap-Width Experiments. 
Gap width, Mm. 6 5 : . 3 1 5a 3 a 
Fe line reading. Om. . : 35 20 ibs} oe 
Total correction required on log. ratio V/Fe . |. —0-120 er +0-042 +0-097 
Photo-correction . * : 7 . | —0-145 On +0-027 +0-067 
Differencé . e 4 a 5 5 +0:025 ee +0015 +0-030 
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manganese-nickel-chromium-vanadium steel with which the authors 
have done a great deal of work and which will be referred to here as 
steel A.1 

It is evident that alteration in the gap width can have two effects. 
In the first place it modifies the intensity of the spark and therefore 
the overall intensity of the light emitted. This change can be 
allowed for by using the characteristic response curve of the photo- 
graphic plate to convert the photometer readings into terms directly 
related to the actual light intensity. The log. ratio for the element 
line and the iron comparison line should then remain unaltered by 
the change in overall brightness. The successful application of such 
‘* photo-correction ”’ is illustrated by the results of the disc experi- 
ments in Table I. These were obtained with a constant gap width 
and sparking time, but with a varying effective time of exposure 
introduced by the use of rotating discs with open sectors of varying 
sizes. In this way the only variation was in the effective exposure, 
which for this purpose has the same effect as a variation in the overall 
intensity of the light with a fixed exposure. It will be seen that 
the photo-corrected log. ratios in no case differed from the normal 
(half-dise opening) by more than +0-010, which can be taken as 
indicating the limiting experimental error. 

In addition to the overall intensity change, however, there may 
be appreciable changes in the relative intensities of the lines for the 
various elements induced by modification of the gap width. This is 
illustrated in the remainder of the Table, where the results are given 
for tests in which the gap width was modified and the time of ex- 
posure kept constant. Comparison of the iron line readings shows 
that the density range covered was similar to that in the disc experi- 
ments, but photo-correction no longer removes all the variability ; 
in fact, there are large differences between the 3- and 4-mm. gap 
results with very little change in the iron line intensity. In this 
latter connection it is interesting to note that under the authors’ 
conditions of excitation the spark itself becomes much more erratic in 
passing from 3 to 4mm., wandering about and producing a number of 
small craters on the specimen instead of essentially one central crater. 

It is evident from the results that the most stable region for the 
gap width for steel A is between 2 mm. and 3 mm., and, similar 
results having been obtained for the other steels tested, the authors 
have standardised on a 2}-mm. gap as being the width least likely 
to introduce variations from slight divergences in gap adjustment. 


The Use of Duplicate Spectra. 


The authors’ normal procedure is to use the average values from 
two spectra for the analysis of each sample. If it were economically 
? The actual composition of the sample used in this series of experiments 
was : 
Si. %. Mn. %. Cr. %. Ni. %. Vor ix 
0-77 5:66 5-13 12-04 0-31 


Pruate VI. 
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PLATE LEX. 


. Mo: 2816-15 
Fe: 2813-61 
(Not used when 
1% A€ present ) 


Ls 288/°58 
> 2885-95 


- 2933-06 
: 2936-90 


3/02-30 
: 3100-67 


molt SS 
fe: 3/61:95 
(Used when 

1% At present) 


Ni: 3414°77 
Fe: 3413-14 — 
(Used for Ni . 
up to 1-$%) 


COS REDSREE Gmemeemenene 
Z 


Cr: S408-76 . 
Fe: 3404-36 


Nie 3515-05 

Fe: 3513-82: _ 
(Used for Mi 
15-55%) 


ae ape / 


Fic, 5.—Lines used for Low-Alloy Steels. 


(Shirley and Elliott. 
[To face p. 305 P. 
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possible to take and read, say, six or more spectra in each case, a 
very close approximation to the true analysis would be obtained, 
even in the case of elements present in amounts up to 20%. In 
most cases, however, it is not practicable to consider the use of more 
than two spectra for each sample, but this duplication is definitely 
worth while, permitting immediate checking of doubtful results 
besides giving some general increase in accuracy. 

To obtain the fullest benefit from this checking, andin the interests 
of speed in subsequent calculations, the authors arrange the duplicate 
spectra adjacent to one another, although it is arguable from the 
point of view of plate and processing variables that it would be better 
to put them apart or even on different plates. The method has an 
additional obvious advantage in plate economy in the case of partly 
filled plates. 

Although only two spectra are used for each sample, each 
spectrum is in fact a composite of two or three superimposed 
exposures taken at different points on the surface of the specimen. 
As pointed out by Barker (Joc. cit., p. 242P), this procedure tends to 
minimise segregation effects; it also reduces errors resulting from 
inaccuracy in setting up specimens and electrodes and any other 
errors arising from variations introduced during the taking of the 
spectra. ; 


The Selection of Line Pairs. 


The ideal is to use only pairs of lines which are truly homologous, 
occur close together, and are of similar density. These lines would 
be so equally influenced by variations in the conditions and technique 
that such variability would have the least possible effect on the results. 
Unfortunately, search through the complex spectra of the higher- 
alloy steels often fails to discover such perfectly adjusted line pairs, 
and recourse must be had to those giving greatest accuracy under 
practical working conditions. The selection of the most suitable 
lines is a part of the work calling for patience and care, but it is 
an essential preliminary to all new work, the accuracy of which, 
within the limits of the lines available, is very largely dependent 
on this initial selection of the working lines. 

The authors’ work on plate calibration and line selection has 
been constantly referenced to the iron arc spectrum, using the 
Hilger map for identification of the lines, while extensive use has 
been made of Harrison’s Wave-Length Tables1 toconfirm andidentify 
lines of the other elements. In this way and by the comparison 
of spectra prepared from samples approximating to the types of steel 
under consideration, but showing fairly wide differences in the 
content of individual elements, it has been possible to select visually 


1 By far the best available collection of data on this important subject 
and containing particulars of more than 100,000 lines. (Published by John 
Wiley, Inc., and Chapman & Hall, Ltd., 1939.) 

1943—i xe 
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in the Judd Lewis comparator the most hopeful lines for final study 
in the photometer. 

The ultimate choice of lines has been based upon the degree to 
which they fulfil the foHowing criteria : ; 

(a) Satisfactory Density——This is complicated by the fact that 
the whole of the lines required from a given plate must be such as to 
come within the useful photographic range. The final exposure 
and development must usually be something of a compromise 
between the demands of the best lines found, and in some cases it 
may be necessary to reject otherwise suitable lines because they 
cannot by any means be brought to a suitable density coincident 
with satisfactory results with other essential lines. The authors 
have used lines with densities corresponding to between 3-em. and 
40-cm. deflections on the photometer scale. A rather narrower 
range than this is usually considered desirable, but cannot always be 
attained in practice when dealing with higher-alloy steels. 

(b) Sensitivity—This can be judged roughly in the Judd Lewis 
comparator by visual examination of line-density changes for 
samples showing appreciable differences of alloy content in the 
neighbourhood of the range under consideration, as indicated 
above. 

(c) Availability of Suitable Iron Line.—The comparison iron line 
should preferably be close to the alloy element line and of similar 
density. This minimises the effects of plate and processing variables 
and avoids loss of time in the photometry in the continual movement 
of the plate to and fro in passing from one line to the other. 

(d) Freedom from Interference by Other Lines.—Incomplete 
resolution between a line of some other element and a line of the 
element under examination will usually prevent its use. Thus, 
the molybdenum line 2816-15, which, in low-alloy steels, the authors 
normally prefer to the line 3170-347 given by Barker (loc. cit.), 
cannot be used with steels containing appreciable amounts of 
aluminium because of interference by the 2816-18 line of this element. 
On the other hand, there are cases where overlapping of a weak 
iron line can be tolerated, as, for example, in the case of the molyb- 
denum line 3170-347, which the authors still use for steels such as 
those containing 0-2% of molybdenum in the presence of 1% of 
aluminium, although it is overlapped by the iron line 3170-346. 


Plate Characteristics. 


Local irregularities in the emulsion, spots, scratches, abrasion 
marks, and a tendency to staining are all objectionable, and plates 
and methods of processing should as far as possible be chosen so as to 
minimise these effects. In so far as some minor imperfections are 
almost certain to be present in the finished plates, the authors 
find it very useful to employ only about a third of the 14-mm. 
length of the lines. They are then often able to avoid the effects 
of local damage or defects and obtain satisfactory readings from 
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spectra which would otherwise require retaking, by selecting an 
undamaged portion for measurement. Normally the middle 
portions are read. 

In general the plates should be chosen to give as high a contrast 
as possible consistent with satisfactory simultaneous rendering of the 
lightest and darkest lines required. The speed should be such as to 
require a reasonable exposure. Very short exposures exaggerate 
timing inaccuracies and the effects of any momentary instability 
of the spark, and the authors endeavour to keep within the 10- 
ae face range. Longer exposures normally mean unnecessary waste 
of time. 


The Method of Processing the Plates. 


It is clearly desirable that development should be both uniform 
and reproducible, and it is often considered that frequent or con- 
tinuous agitation of the solution is advantageous in this connection. 
Experimenting with the development of uniformly fogged plates, 
the authors found it not at all easy to obtain uniform development, 
particularly with plates having thin emulsions which process more 
rapidly than, say, the “ Zenith ” plates originally used by Barker. 
The authors tried many variations in procedure, and, bearing in 
mind that the method adopted should be simple and easily repro- 
ducible by different workers, eventually standardised a method in 
which the plate is lowered horizontally into the solution and squeegeed 
lightly with a flat rubber squeegee for a few seconds, agitated in a 
random manner for a few more seconds and then left, without further 
agitation until development is completed. 

In deciding on the type of developing solution to be used and the 
time and temperature, it must be borne in mind that all these, 
together with the type of plate, influence the density and contrast 
of the image obtained, and a suitable combination must be found 
by experience which will give the maximum contrast consistent with 
satisfactory reading of the required lines. Standardisation should 
be assisted by the adoption of some simple precaution to keep the 
temperature of the developer constant. 

Fixing, hardening and washing of the plates are not critical, 
and can easily be carried out in ten minutes or less if required. 
Care must be taken to avoid uneven drying, as this will lead to marks 
on the plates, and the use of a viscose sponge to remove surplus 
moisture, followed by drying in a current of warm dust-free air, is 
desirable. 


Adjustment for Varying Speed of Plates. 

A decrease in the speed of plates is to be expected with age, 
and variation has been found in practice between boxes from a single 
delivery under the present wartime conditions. ee 

In cases where the lines to be measured are of widely differing 
densities, covering most of the available range of the plate, some 
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modification in procedure must be introduced to correct for such 
variations in speed. : 

Modification of exposure is the most obvious method for modify- 
ing density, but unfortunately this.is liable to introduce an 
appreciable modification in the log.-ratio/concentration relation- 
ships for the various elements, and, while the use of standard 
samples permits a correction to be applied for this, it is considered 
better to avoid any considerable modification of the exposure as far 
as possible. 

In Table II. results are given illustrating the magnitude of the 
changes arising from modified exposure in the case of steel A. 


TaBLe II.—Influence of Length of Sparking Time on Log. Ratios 
for Steel A. 


Silicon, Manganese. Chromium, Nickel. Vanadium. 
Sparking! 


Time. 


Sec. Log |Apparent} Log |Apparent} Log |Apparent} Log |Apparent} Log /Apparen 
Ratio. | Content.| Ratio. | Content.| Ratio. | Content.) Ratio. | Content.| Ratio. 


8 0-193 0-76 0-994 5-4 0-711 5-0 
10 0-193 0-76 0-003 5:3 0-710 5 
12 0-191-| (0-77) | 0-002 | (5-29) | 0-716 | 
14 0-192 0-77 0-011 5-25 0-727 4- 

4 
4 


0-861 | 12-25 | 0-660 
0-858 | 12-25 | 0-689 
0-860 | (12-26) | 0-692 
0-861 | 12:25 | 0-715 
0-860 | 12-25 | 0-725 
12-25 | 0-725 


16 0-193 0-76 0-010 5-25 0-735 
18 0-187 0-78 0-010 


0-738 


The values given for the log. ratios are the means of six spectra 
from two sets of three from each of two plates, and have been 
photo-corrected by means of the characteristic curves of the plate 
used. The apparent composition figures have been read from the 


Mtord ordinary Plates 

Developed in [D/3 

developer at 20°C. for 
x 2 min. 
° 5 min. 

Curve based on mercury 

lines 3654-83 « 3663-28 

O4 O6 O8 10 12 14 16 r@ 2:0 

Log. t. 


Fie. 6.—Stability of Form of Characteristic Curve with Varying Time of 
Development, 


usual curves, using the normal 12-sec. exposure as the standard. 
With this steel minor variations in exposure are evidently unlikely 
to lead to serious errors if standard samples are used to check the 
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extent of the variations, but the variation is considerable for 
chromium and vanadium with the full 50° increase in exposure 
to 18 sec. 

Alternatively, adjustment may be effected by variation of the 
time of development. Under the authors’ conditions they have 
found so close a correspondence in the shape of the characteristic 
curves for development times between two and four minutes that 
there is no need for any modification over thisrange. This similarity 
in response is illustrated in Fig. 6 where calibration points for 
2-min. and 5-min. development of Ilford Ordinary plates in [D13 
developer at 20° C. are superimposed on a standard curve! The 
actual readings obtained are given in Table III. 


TaBLE I1I.—Influence of Time of Development on Form of 
Characteristic Curve. 


2 min. Development. 5 min. Development. 
Exposure. Log. 
Patt ae Hg Line He Line Hg Line He Line 
3654-83. 3663-28. 3654-83. 3663-28. 
50 1-70 1-0 1-15 0:55 0:65 
30 1-48 2-05 2-55 1:05 1-25 
20 1:30 3°85 4-65 2-0 2-55 
15 1-18 6-0 6°85 3-45 4:0 
10 1-00 8-95 10-55 6:05 7:3 
8 0:90 12-45 14-6 8-3 9-85 
6 0:78 16-7 19-25 11:3 14-0 
4 0:60 24-4 27-05 18:0 20-5 
3 0-48 30-85 33-65 23-3 26-55 
2 0-30 wes a 31-25 35°75 
Correction factor ap- 
plied to log. expo- 
sure in Fig. 6.* . +0-31 +0:25 +0:46 +-0:40 
| 


* The empirical correction is applied to bring the four sets of results on 
to the standard curve, since a difference of development time, the speed of 
the particular plate used and the intensity of the light used all displace the 


curve horizontally. 


When dealing with old plates a practical limit to this form of 
correction may be reached earlier, owing to staining tendencies in 
the ID13 developer with prolonged development, but within the 
limits of its practical applicability this method of control has proved 
most valuable. 


Photometry. 
The employment of pairs of lines of similar, medium density is 
ideal photometrically as well as photographically, but, as already 


1 Details of the method used to obtain these readings are given in the 
later Section on the interpretation of results. 
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explained, is often impracticable. The greater the divergence from 
this ideal the greater is the care needed to ensure satisfactory 
density ratios. i 

Dense lines give small deflections on the photometer, and with 
them maintenance of a steady galvanometer zero is of special 
importance, any fluctuations then having a maximum influence on 
the readings. ‘The need for steadiness of photometric conditions is 
emphasised when dealing with lines of divergent density. 

With the type of photometer used it is at all times necessary to 
ensure accurate focusing of the line image at the photometer slit. 
Variations in plate thickness or flatness can appreciably affect the 
‘ocusing over different areas of a plate, with considerable influence 
on the log. ratios, unless it is corrected. Fortunately, a ready 
check exists in the absence of movement of the properly focused 
image when the spherical lens used for viewing the lines is swung 
away for reading. Experienced operators acquire the ability to 
observe and correct the focus with certainty and with very little 
loss of time. 

The use of adjacent duplicate spectra is of considerable value in 
the photometry in drawing immediate attention to reading errors. 
All divergences between duplicates beyond limits fixed by experience 
are checked by rereading and, if necessary, retaking. The amount 
of the permitted divergence depends on the sensitivity of the line 
read, since this alters the magnitude of the analytical errors involved. 
In general, it may be taken that the log. ratios for duplicates should 
not differ by more than 0-020 with any element, and closer agree- 
ment should be sought with the less sensitive lines. 

Fatigue of the operator is liable to affect speed and accuracy in 
photometry, but average speeds of 80-100 line pairs per hour, 
including all necessary checking, are quite consistent with con- 
tinuous accuracy, and appreciably higher speeds can be, and are, 
attained over shorter periods. Operational fatigue can be reduced 
by a system of rotation, avoiding long periods of continuous reading 
for a single operator. .To this end the authors’ assistants are grouped 
in teams of three, one exposing and developing a plate while the other 
two read the previous plate. Of these latter, one operates the 
photometer while the other writes down the readings and calculates 
the log. ratios. Interchange of duties at the photometer is arranged 
at the completion of the reading of each element. In this way, 
fatigue is very considerably reduced. 


Correction for Photographic Density. 


As already indicated, a first correction for varying spectral 
density is applied by plotting the log. ratios of photometer readings 
for the unknown element lines to those of suitable comparison iron 
lines. This simple treatment, however, leaves out of account the 
influence of the non-linearity of the characteristic log.-intensity/ 
density curve of the photographic plate. 
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_ Examination of a large series, of preliminary results showed that a 
distinct improvement in accuracy was possible by the application 
of empirical corrections, the magnitude of which was decided by 
the individual densities of the spectra, as indicated by the photo- 
meter readings for the comparison iron lines. 

To apply such corrections in practice where experience indicated, 
_ say, a correction of 0-005 per em. divergence of photometer reading, 
this amount would be added to or subtracted from the log. ratio 
for every centimetre by which the comparison iron line differed 
from the average in either direction. While not strictly accurate, 
this empirical procedure did provide a definite improvement in 
accuracy for not too great density fluctuations. The corrections 
used never exceeded 0-010 per cm., and are well illustrated by those 
employed in the early work with steel A, as follows : 


Silicon =. «0-005 

Manganese . - +0-003 F , ; ; 
Pcie * 40-008 }Per 1 cm. decrease in comparison Iron line 
ites eee 000e | 4 ae, 

Vanadium . . +0-005 


In spite of the usefulness of such empirical corrections, it is 
obvious that for lines of density corresponding to some portions of the 
characteristic curve results obtained in this way will not be as 
accurate as those given by properly evaluated corrections, based on 
the experimentally determined log.-intensity/density curve for the 
plates and conditions concerned. Eventually, therefore, the 
authors changed over to this latter procedure, thereby obtaining 
increased speed of calculation, in addition to an improvement in the 
general accuracy of correction. 

The method adopted for plate calibration was based on the use 
of a 125-watt “Mercra”’ ultra-violet lamp. With this lamp in 
the normal sparking position, exposures at suitable intervals between 
one and a hundred seconds are usually satisfactory. Density 
measurements are made on the mercury lines 3654-83 and 3663-28. 
The characteristic curve is then plotted as log. time against an 
inverted scale of photometer readings (since these are a direct 
measure of transmission, not of density). A typical curve has 
already been illustrated in Fig. 6. ; 

Although the position of the curve with respect to the log. time 
axis varies with the speed of the individual plate the authors have 
found the shape to remain very constant for a given type of plate 
over the range normally used (3 cm. to 40 cm. on the galvanometer 
scale, with 50 cm. as clear-glass reading). Constancy with age 1s 
well illustrated by Fig. 7, in which are shown results obtained 
with two Kodak B40 plates from the same batch, one exposed three 
days after receipt and developed for 2 min. in ID13 developer at 
20° C., and the other sixteen months later, using 3 min. development. 
The similarity of form of the two curves is clearly shown by the 


= 
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crosses representing results from the latter plate superimposed on the 
curve obtained from the former. 


Kodak B40 Piates. 
Curve for plate developed for 
2 min. three days after receipt. 
Crosses from plate deve/oped 
for 3 min, sixteen months after 
receipt. 


02 O04 OF O8 LOS 14 46 6 FB 
Log. ¢. 
Fia. 7.—Stability of Form of Characteristic Curve with Age of Plates. 


In view of this constancy of form with age, and even from batch 
to batch of a given type of plate, the authors have found it possible 
in the interests of speed and simplicity of working to convert the 
standard curves into tabulated series of log. intensity values, as 
illustrated in Table IV., which shows a portion of one such table. 


TaBLE IV.—Illustration of Part of a Working Table Prepared from 
Log. Intensity Curve. 


Qa 
B 


Log 7. Om. 


Cm Log I. Cm Log I. 
6-0 6-9 8:8 0-305 | 11-6 
6-05 | 0-460] 6-95 8-85 11-65 
6-1 7-0 8-9 11-7 0-235 
6:15 | 0-455 | 7:05 8-95 0-300 | 11-75 
6:2 7 | 9-0 11:8 
6:25 | 0-450] 7-15 9-05 0-295 | 11-85 | 0-230 
6:3 7:2 9:1 11-9 
6:35 | 0-445 | 7:25 9-15 11-95 
6-4 7:3 9-2 0-255 | 12-0 
6-45 | 0-440] 7:35 9:25 12-05 | 0-225 
6:5 7-4 9:3 12-1 
6-55 | 0-435 | 7:45 9-35 0-250 | 12-15 
6-6 8-5 9-4 12-2 | 0-220 
6:65 | 0-430 | 8-55 9°45 12-25 
6-7 8-6 9-5 0-245 | 12-3 
6:75 | 0:425 |] 8-65 9-55 | 12-35 | 0-215 
6:8 8-7 9-6 12-4 
6:85 | 0-420] 8-75 9-65 0-240] 12-45 


In this way it becomes a very simple matter for the operator to 
convert photometer readings into terms of log. intensity, which by 
simple subtraction give the required photo-corrected log. ratios for 
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use in plotting or reading from the log.-ratio/composition curves. 
Thus, for example, a 6-45-cm. reading of a manganese line is con- 
verted to 0-440 by the Table and an 8-6-cm. reading for the com- 
parison iron line gives 0-350; subtraction of the former from the 
latter gives 1-910, which is the fully- corrected log. ratio required. 
This is the most rapid method of working that the authors have 
tried, and although slight variation of the characteristic curve is to 
be expected from plate to plate and for lines of different wave- 
lengths, this simple procedure has given most satisfactory results 
when combined with the use of standard samples, as described below. 


The Use of “ Standard’ Samples. 


When all the foregoing precautions have been taken there still 
occurs some variation in the composition curves from plate to plate, 
and a further increase in accuracy is possible by the use of 
“standard” samples. The authors use from two to four such 
samples on each plate, and these usually include one or two samples 
from recent casts to cover any day-to-day variation in the response 
of the material.1 On the basis of the average behaviour of these 
standards small corrections are applied to the results read from the 
composition curves, or the curves themselves are moved relative to 
the axes. . 


Chemical Checks. 


The recent standards referred to in the preceding paragraph 
are usually taken from the previous day’s chemical checks. The 
number of such chemical analyses required to keep an effective 
check on general accuracy is a matter which must be decided by 
experience. Analysis of one sample in twenty should be sufficient 
when thorough experience has been gained, provided that this is 
not less than one analysis per day. For certain elements when the 
amount present is considerable and the line used is not very sensitive, 
provided that the chemical analysis does not involve any great 
trouble or loss of time, it may be found worth while to increase the 
number of chemical checks to, say, one in ten. This applies to 
nickel in the authors’ work with steels A and B, for which a one in 
ten check permits rather closer correspondence to the chemical 
figures than would otherwise be the case. 


The Influence of the Range of Composition. 

The most satisfactory routine results from spectrographic 
analyses are to be expected where production arrangements make it 
possible to deal with a continuous flow of samples to one specifica- 


1 J. R. Handforth, H. W. Whymper and W. M. Boulton, “ Spectrographic 
Analysis and its Application to Aluminium Alloys,’ Metal Treatment, 1939, 
vol. 5, Spring Issue, pp. 3-12. 


314P SHIRLEY AND ELLIOTT: CONSIDERATION OF APPLICATIONS 


tion. Individual plates can then be arranged to contain only a single 
type of steel, and the limited portion of the composition /log.-ratio 
curves required can generally be represented as straight lines. The 
small number of standards required then have their maximum 
correcting efficiency, correction being satisfactorily applied by the 
simple addition of a constant difference to results read from fixed 
composition curves. This represents the conditions under which 
the authors have worked for many thousands of casts of the high- 
alloy steels A and B, detailed procedure for which is given later. 

On the other hand, satisfactory application of the method to 
the routine analysis of low-alloy materials would, in the authors’ 
case, demand the inclusion on individual plates of a wide variety 
of steels, with the result that four or five standards, at most, would 
have simultaneously to characterise the curves for five elements 
fluctuating independently over ranges, which for nickel could be as 
great as from 0-1% to 5-5% and for chromium from 0-05% to 3-5%. 
Moreover, the densities of the lines used will vary over very much 
wider limits than when dealing with a single type of steel. The 
highest possible accuracy is not to be expected under such conditions. 

Typical results for low-alloy steels dealt with in this way are given 
in a later Section, but it may be said here that the difficulties indi- 
cated, coupled in many cases with narrow melting specifications, 
have, so far, prevented any large-scale application of the method 
to such steel in the authors’ work. At the same time the technique 
developed has proved very useful in special cases, permitting the 
satisfactory analysis of individual samples in connection with which, 
for various reasons, chemical analysis has been impossible or less 
satisfactory. 


DETAILS OF WORKING PROCEDURE AND RESULTS FOR HiGH- 
Attoy Streets A anp B. 


~ Having discussed the general principles underlying the authors’ 
technique it remains to describe in detail the actual procedure 
followed and the results obtained for different types of steel. The 
greater part of the authors’ routine work has been concerned with 
two high-alloy materials, typical analyses of which are : 


Steel A Steel B 
Silicon. ; : : 0:9% 1-2% 
Manganese : ; : 55% 0-5% 
Chromium : : : 50% 14-54% 
Nickel  . : ; Ee PAKOR 125% 
Vanadium : : ‘ 03% 35 
Tungsten . < 4 : 3136 30% 


From a detailed preliminary study of the spectra of these 
materials line pairs were selected as indicated in Table V. and 
illustrated in Figs. 3 and 4. 
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TaBLE V.—Line Pairs Selected for Analysis of Steels A and B. 


Steel. Silicon. Manganese. Chromium. Nickel. Vanadium. Tungsten. 
A Si 2881-58 | Mm 3488-68 | Cr 3408-76 | Ni 3510-34 | V 3102-30 
Fe 2875-34 | Fe 3490-57 | Fe 3407-46 | Fe 3497-84 | Fe 3100-67 


B Si 2881-58 Mn 2933-06 Cr 3391-43 Ni 3510-34 Bes W 4008-75 
Fe 2885-93 Fe 2936-90 Fe 3407-46 Fe 3497-84 one Fe 4009-72 


‘The steel samples used are in the form of small chill ingots 
approximately 3 in. long by 1? in. square. One long edge is ground 
to a flat about + in. wide and filed to remove grinding marks. The 
specimens are mounted in a universal holder, permitting rapid 
movement in all directions, and both the sample and graphite 
electrode are adjusted optically to the correct position and separation 
by means of a projected image and gauge lines. The graphite rods 
used are 64 mm. in dia. and have 80° points. They are separated 
from the steel sample by a distance of 2} mm., and the spark gap is 
arranged at a fixed distance of 38 cm. from the slit. 

A slit width of 0-015 mm. is employed, the height of the in- 
dividual. spectra being 14 mm. The wave-length range covered 
on the plate is 2700 A to 4300 A. 

Using a 15000-V. supply transformer, a condenser of 0-005 
microfarad capacity and no added inductance, Ilford Ordinary 
plates are given two superimposed exposures of 12 sec. for steel A 
and 25 sec. for steel B. Similar exposures apply to Kodak B20 

lates. 
: Two to four standards are used and samples are taken in duplicate 
to make up the thirty-four spectra comprising a full plate. 

The development time is usually 2-3 min. using 1D13 developer : 
at 20° C. for Ilford plates, and 4-5 min. in D196 developer? at 
18° C. for the Kodak plates. Three hundred millilitres of 
solution are used for each plate and the plates are developed 
in a 10} in. by 8-in. stainless-steel dish, supported on a wooden 
frame and kept in contact with a large volume of water at a 
temperature such as to maintain the developer at 20°C. Im- 
mediately after immersion the plate is lightly squeegeed with a flat 
rubber squeegee during about 7-8 sec., after which the dish is 
agitated till the end of the first 15 sec. of development; it is then 
allowed to stand without movement until development is complete. 
A brief immersion in an acetic acid stop bath follows, and the plate 
is then transferred to an acid hardening and fixing bath for 5 min., 
followed by 5-10 min. washing in frequent changes of running water. 


1 A two-solution developer containing equal parts of : (a) 25 g. of hydro- 
quinone, 25 g. of potassium metabisulphite, 25 g. of potassium bromide in 
] litre. (b) 50 g. of potassium hydroxide in 1 litre. ; , 

2 Asingle solution containing: 2°2 g. of metol, 144 g. of sodium sulphite 
eryst., 8°8 g. of hydroquinone, 130 g. sodium carbonate cryst., 4 g. of potas- 
sium bromide in 1 litre. 
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It is finally wiped with a viscose sponge and dried in a current of 


warm dust-free air from a diffusion-type hair dryer. 
Fa” 


oO 
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Fiq. 8.—Curves for Steel 4; A vanadium, B silicon. 
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Fie. 9.—Curves for Steel 4; C manganese, D chromium, F nickel. 


The precautions necessary during the subsequent photomet: 
as well as the method of interpretation of the results, es aitndy 
been sufficiently indicated in the preceding Section. Typical 
series of log.-ratio/concentration curves are given in Figs. 8 to 11. 
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The amount of deviation from the correct figures varies in 
spectrographic work with the amounts of the particular elements 
present and the sensitivity of the lines used. This latter is a very 
variable quantity, as shown by the figures given in Table VI. 


Log. Ratio. 
~ 
® 


ost 
N 


) ° 
0406 O08 10 12 14 16 18 
Per Cent. 


Fra. 10.—Curves for Steel B; A manganese, B silicon. 
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Fic. 11.—Curves for Steel B; C chromium, D nickel, # tungsten. 


Taste VI.—Typical Equivalent Percentage Change in Composition 
for a Log.-Ratio Change of 0-1. 


Element. Steel A. Steel B. 
Silicon 0-4 0:5 
Manganese 1-1 0-2 
Chromium 1:3 2-0 
Nickel 2-2 2-4 
Vanadium 0-1 me 
Tungsten sid 0: 
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It is clear from these figures that, while the errors in the estima- 
tion of vanadium are likely to be very small, the determination 
of nickel, for example, must be very carefully carried out if errors 
are to be kept within $% of this element. , 

The maximum routine spectrographic errors normally experienced 
in the case of the other elements are : 


Silicon : ; : +0-1%.. ; 
Manganese . s . +0-2% in steel A and +0-03% in steel B. 
Chromium . - . +0-2% in steel A and +0-3% im steel B. 
Tungsten . : - +0-15%. 


The melting specifications involved are sufficiently wide to 
accommodate these errors without the need for an undue amount of 
checking. In practice values falling nearer to the specification 
limits then the errors indicated above are checked, and so long as the 
melting is not unnecessarily close to these limits few such checks are 
required. 

Typical results for these two steels are given in Tables VII. 
and VIII., in each of which are detailed the results of twenty-five 
chemical checks on spectrographic figures obtained in the routine 
analysis of four hundred casts. 


Taste VII.—Results of Twenty-Five Chemical Checks with Corre- 
sponding Spectrograph Figures covering 400 Routine Samples of 
Steel A. 


Silicon. Manganese. Chromium. Nickel. Vanadium. 


Cast 
No. 
: Ohemi- | Spectro- | Chemi- | Spectro- | Chemi-|Spectro- | Chemi-|Spectro- | Chemi-| Spectro- 
graphic.| cal. |graphic.| cal. |graphic.| cal. |graphic.| cal. | graphic. 


1753 ‘ 0-91 


12-77 
12-40 
12-42 
12-49 
12-37 
12-34 
12-42 


2081 
2099 
2119 
2139 
2157 
2176 


on 
Coun 


OmMWIonnt Tb teow 
ont 


x 5-6 : * 12-57 
1770 Y 0-89 5:8 . 5 12-45 
1788 5 0-85 4 5-70 4 Hs 12-47 
1802 i" . . 5-6 : 0 12-59 
1819 0-93 : 5-7 : ; 12-49 
1835 0-87 J 5-75 3 . 12-46 
1849 0-91 Y 5-7 . . 12-49 
1867 0-90 5-67 5:7 4-94 5-1 12-56 
1885 0-93 5-67 5-8 4-96 5-0 12-68 
1903 0-91 5-72 5-75 4-92 5-0 12-57 
1917 0-94 5-70 5-6 4-8 4-85 12-59 
1933 | 1-06 5-82 5-85 4-9 5-0 12-55 
1954 0-98 5-78 5 4-7 4:85 12-60 
1971 1:03 6-12 5-85 4-5 4-8 12-67 
1987 1-00 5:70 5- 4:8 4-8 12-67 
2007 0-90 5-65 5-55 4-9 4-8 12-62 
2025 0-9. 5-68 5-65 4-7 4-7 12-80 
2047 0-9 5-65 5-65 4-8 4-8 12-71 

2065 0-9 5-72 5. 4-9 4-9 

0-9 5-40 5 49 4-9 

0-8 5-32 5. 5-0 4. 

0-9 5-39 5: 4-8 4. 

0-9 5-36 5: 5-0 4. 

0:8 5-32 5: 5-1 4. 

0-8 5:37 5. 5-0 4. 
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TABLE VII.— Results of Twenty-Five Checks with Corresponding 
Spectrographic Figures covering 400 Routine Samples of Steel B. 


Silicon. Manganese. Ohromium. Nickel. Tungsten. 


icp) has es PRS Seed Ses ae a a) Be ae a eee ee 
No. 


Chemi- Spectro- Chemi- | Spectro-} Chemi- | Spectro- | Chemi- Spectro- Chemi- | Spectro- 
cal. |graphic.| cal. |graphic.}| cal. |graphic.| cal. |graphic.} cal. | graphic. 


7163 1-48 1-38 0-58 0-57 14-45 | 14-55 12-51 | 12°25 2-59 

7178 1-55 1-40 0-56 0-53 14:56 | 14-65 12-50 | 12-35 2-80 2-68 
7194 1-40 1-42 0-61 0-64 14:68 | 14:5 12-62 | 12-65 2-65 2-76 
7209 1-44 1-42 0-58 0-58 14:63 | 14-6 12-63 | 12-55 2-73 2-64 
7225 1-54 1-48 0-58 0-54 14-53 | 14:55 | 12-65 | 12-75 2°65 2-68 
7237 1-53 1-44 0-54 0-49 14-67 | 14-6 12-61 | 12-55 2-69 2-67 
7252 1-59 1-56 0-54 0-52 14-62 | 14-8 12-48 | 12-55 2-60 2°70 
7268 1-26 1-31 0-57 0-56 14-86 | 14-6 12-54 | 12-75 3-01 2-97 
7282 1-19 1-18 0-54 0-51 14-84 | 14-7 12-49 | 12-55 2-81 2-94 
7297 1-48 1-41 0-57 0-53 14-56 | 14-65 12-61 | 12-7 2-89 285 
7312 1-29 1-37 0-62 0-60 14-44 | 14-75 12-71 | 12-6 2-69 2-85 
7326 1-40 1-43 0-56 0-49 14-63 | 14-6 12-60 | 12-55 2°73 2-89 
7341 1-48 | . 1-50 0-57 0-58 14-52 14-55 12-55 | 12-75 2-67 2-76 
7357 1-53 1-43 0-60 0-57 14-56 | 14-7 12-60 | 12:4 2-65 2-80 
7373 1-46 1-50 0-54 0-52 14-52 14-75 12-62 | 12-45 2-63 2-75 
7386 1-51 1-49 0-59 0-55 14:57 | 14-5 12-58 | 12-6 2-67 2°72 
7402 1-34 1-50 0-60 0-59 14:70 | 14-65 | 12°56 | 12-5 2°63 2:87 
7417 1-48 1-47 0-62 0-63 14-69 | 14:8 12-72 | 12-6 2-66 2-76 
7434 1-40 1-43 0-56 0-55 14-81 | 14:7 12-75 | 12-6 2-69 2-77 
7449 1-50 1-43 0-57 0-51 14:66 | 14-6 12-67 | 12-75 2-65 2°63 
7466 1-46 1-46 0-56 0-54 14-62 14-7 12-68 | 12-7 2°66 2-75 


PROCEDURE AND ReEsutts ror Low-ALLoy STEELS. 


After a considerable amount of experimental work with low- 
alloy steels the authors have eventually employed a technique 


Log. Ratio. 
9 
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Fig. 12.—Curves for Low-Alloy Steels; A silicon, B vanadium, OC molyb- 
denum (normal). D molybdenum (with aluminium present). 
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essentially similar to that used for the high-alloy steels A 
and B. 

The conditions for taking the spectra are the same as for these 
latter steels, except that the exposure consists of two superimposed 
20-sec. periods, development being for 3-4 min. in JD13 developer. 
Correction for density is applied from the standard characteristic- 
curve figures in the normal way and five standard samples are 
normally used to determine any necessary slight adjustments of the 
composition curves. Bods 

The composition curves used are illustrated in Figs. 12 and 13; 
it is evident that, with the range covered, the application of a small 


Log. Ratio. 
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Fia. 13.—Curves for Low-Alloy Steels; H manganese, / chromium 
G nickel (<1:5%), H nickel (1-5-5-5%). 


fixed correction to all the results for a given element on a single 
plate is no longer permissible. Instead, tracings of the various 
curves are set over fixed axes in such a position that, for the plate 
in question, they give the best average correspondence to the values 
obtained for the five standards. Values for the routine samples 
are then read off. 

The line pairs used for this low-alloy steel work are detailed in 
Table IX. and illustrated in Fig. 5. Table X. gives the results of 
duplicate determinations on a series of fifty casts which were also 
put through normal routine chemical analysis. Spectra from each 


sample were taken on two spectrographs, the results being designated 
as B and C, respectively. 
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TaBLE [X.—Line Pairs Selected for the Analysis of Low-Alloy Steels. 


Element. rf Range. Element Line. Tron Line. 
Silicon 5 . | Up to 0:-4%. 2881-58 ce 2885-93 
Manganese n Up tor2-095: 2933-06 2936-90 
Chromium . | Up to 35%. 3408-76 3404-36 

’ 
Nickel : - 4 Up to 1-5%. 3414-77 3413-14 
1-5 to 5-5%. 3515-05 3513-82 
Molybdenum . | Up to 0-8%, except for 2816-15 2813-61 
steels with 1% alumin- 
ium. 
Up to 0:3% for steels with 3170-35 3161-95 
1% aluminium.* 
Vanadium . | Up to 03%. 3102-30 3100-67 


* Necessary because the aluminium interferes with the 2816-15 line. 


It is not practical to specify overall limits of accuracy for the 
determination of the various elements when dealing with such a 
varied collection of steels, since these limits vary with the amount 
of the element present, but a good indication can be obtained for any 
particular range by inspecting the results. Some portion of the 
observed differences will, of course, be due to the normal inaccuracies 
of the chemical analyses, the figures given being taken from ordinary 
routine determinations, but in general the chemical errors can be 
taken as small. 

As to how far the indicated accuracy will permit of practical 
application of the method can only be decided with a full knowledge 
of the circumstances operating in any particular case. Where it is 
possible to reduce considerably the composition range dealt with on 
individual plates, increased accuracy with fewer standards should 
become possible. 


OTHER DEVELOPMENTS. . 


In this account of the application of spectrography to steelworks 
analysis, the authors have been chiefly concerned with the routine 
analysis of low-alloy steels and of two high-alloy steels with which 
they have had extensive experience, but it is obvious that there 
must be many other directions in which the technique developed can 
be usefully employed. In fact, numerous applications have already 
been found in their work on both the routine and the research 
sides. For example, the same procedure has been successfully 
applied to the routine checking of small amounts of molybdenum 
and copper in low-alloy steels, many hundreds of casts having been 
dealt with in this way. The method also offers considerable scope 
in studying segregation, and has already proved valuable a this 

1943—1i 
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TaBLe X.—Spectrographic Analysis of Low-Alloy Steels using 


Silicon. ; Manganese. Chromium. 
- | Spectrographic ; | Spectrographic - | Spectrographic 
Chemi- sea Pe ep Chemi- Piiffeots. Cheri Difference. 
cal cal o cal 
=e a ee Y Sas he Se Oo ee ¥ 
pak bet aa wpicar | he OAM ah Ee 0. 

0-28 —0-02 | —0-02 0-64 +0-03 | +0-03 0-12 0-00 0-00 
0-29 +0-02 | +0-02 0-58 —0-01 0-00 1-66 +0-01 | +0-02 

) 0-26 +0-01 | +0-01 0-55 0-00 | —0-01 1-64 +0-03 | —0-01 
0-20 +0-01 | +0-01 0-36 —0-01 | —0-02 0-08 —0-01 | +0-01 
0-18 +0-03 | +0-04 0-29 —0-02 | —0-01 0-08 +0-04 | +0-02 
0-22 +0-03 | +0-03 0-43 —0-01 | +0-02 0-46 +0-04 | +0-01 
0-27 —0-02 | +0-01 0-55 —0-03 | —0-03 1-39 —0-06 | —0-01 
0-28 —0-02 0-00 0-59 —0-03 0-00 0-83 0-00 | +0-04 
0-21 +0-01 | +0-01 0-24 —0-01 0-00 0-08 —0-02 | +0-01 
0°23 0-00 | +0-02 0-69 —0-02 | —0-02 0-17 +0-01 | —0-02 
0-34 —0-02 0-00 0-41 0-00 | +0-03 3-15 —O0-17 | —0-04 
0:30 —0-01 | +0-01 0:37 —0-02 | —0-02 1°53 —0-01 } +0-04 
0-31 —0-01 | —0-01 0-53 —0-04 | +0-01 1:70 —0-03 | —0-02 
0°23 +0-03 | +0-03 0-57 —0-02 | +0-01 0-10 +0-02 | —0-03 
0:27 0-00 | +0-02 0-30 —0-02 | —0-01 1-50 +0-03 | +0:°05 
0:22 +0:03 | +0-03 0-26 +0-02 | +0-02 0-07 —0-03 | +0:03 
0-21 0-00 | +0-01 0-28 —0-01 0-00 0-05 +0-03 | —0-01 
0:22 +0-03 | +0-03 0:45 —0-03 | —0-01 0-42 +0-02 | +0-05 
0-24 0-00 | +0-04 0-19 0-00 | —0-02 0-06 —0-01 | +0-01 
0:30 —0-01 | +0-01 0-53 —0-01 0-00 1-62 +0-09 | +0-08 
0-26 —0-01 | —0-03 0-64 —0-01 | —0-02 0-88 0-00 | +0-04 
0-20 —0-01 0-00 0-26 —0-01 | —0-02 0-08 0-00 | +002 
0-14 +0:01 0-00 0-28 +0-01 0-00 0-09 +0-01 0-00 
0-19 —0:02 | —0-01 0-31 —0-02 | —0-02 | Trace ae 
0°22 0-00 0-00 0-39 +0-02 | +0-01 0-06 +002 | +0-02 
0-20 0-00 | —0-02 0-29 +0-01 | +0-02 0-09 0-00 | +0-02 
0-18 +0-02 | +002 0:37 0-00 | +0-01 0-80 0-00 | +0-07 
0-25 —0:03 | —0-02 0-74 0-00 | —0-01 0-06 +0-01 | +0-01 
0-35 0-00 | +0-01 0-53 —0-02 |} +0-02 1-75 +0-04 | +0-10 
0-24 —0-02 | —0-01 1°23 +0-02 | +0-06 | Trace i 
0-22 0-00 0-00 0-45 —0-03 | —0-02 3-08 0-00 | —O-11 
0-25 +0-01 0-00 0-13 +0-01 0-00 2-01 —0-03 | +0-04 
0-27 —0-01 | +0-01 0-47 +0-01 | —0-03 | (0-11 +0-02 0-00 
0-31 —0-02 | +0-03 0-55 +0:-02 | +0-01 1-67 +0-01 | —0-04 
0:22 —0-01 —0-01 0-68 +0-02 +0-02 0-09 —0-02 | —0-02 . 
0-21 +0-01 | +0-02 0-64 +0-02 | +0:03 0-10 +0-01 | —0-02 
0-25 +005 | +0-03 0-14 +0°03 | +0-01 2°23 —0-03 | —0-04 
0:28 —0-03 0-00 0-50 —0-01 | +0-02 1:39 +0-01 | —0-04 
0-23 +0-05 | +0-05 0-11 0-00 0-00 2-11 0-00 | —0°04 
0-36 —0-08 | +0-01 0-39 —0-01 | —0-03 1-65 —0-18 | —0-02 
0+20 +0-02 | +0-03 0-46 —0-02 0-00 0-10 +0-04 | —0-03 
0-28 +0°02 | +0-05 0-61 —0-01 | —0-01 111 —0-08 | —Q-03 
0-21 0-00 | +0-02 0-55 —0:05 | —0-01 O11 +0:-05 | —0-02 
0-19 +0:05 | +0-04 O-1L +0:02 | +0-02 2-03 0-00 0-00 
0-28 —0-01 | +0-03 0-60 —0-02 | —0-01 0-98 +0:02 | —0-06 
0-21 +0-01 | +0-01 0-92 0-00 | +0-03 0-79 +0-01 | —0-01 
0-18 0-00 | +0-01 0-92 0-00 0-00 0-78 +0-04 | +0-04 
0-18 +0:03 | +0-02 0-94 +0-03 | —0-03 0-78 +0-03 | +0-03 
0-28 —0:02 | —0-01 1:83 —0-03 | +0-05 
0-29 —0-01 | —0-02 1-98 0-00 | —0-04 


respect. On the research side the detection and estimation of small 
quantities of “ impurity ” elements or special additions often calls 
for arc rather than spark technique, but much useful information 
has been obtained by this means. 

Much additional investigation has also been carried out in regard 
to the possible routine analysis of other medium- and high-alloy 
materials. Promising results have been obtained in many directions, 
and, although it has not yet proved possible to obtain the required 
degree of accuracy with alloying elements such as chromium and 
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Photo-Correction from Characteristic Plate Response Ourve. 


Nickel. Molybdenum. . Vanadium. 

. | Spectrographic . | Spectrographi i 
Chemi- : _| Spectrographic . | Spectrographic 
Sal Difference. pee Difference. ee Difference, 
Figure. Figure. Figure. 

B. C. heiad | 2 P ¢. . B. C. 

3-48 | —0-13 | +0-04 7 
0-07 | +0-04 0-00 | 0-22 0-00 | —0-01 

0-09 | +0:04 | —0-01 | 0-23 0-00 | —0-01 

2-96 —O-11 | +0-06 

4:92 —0-17 | +0-10 

2°74 | —0-02 | —0-01 

0-10 | —0-01 | —0-03 | 0-72 +0-04 | —0-01 

3-64 | —0-13 | +0-01 

4-93 | —0-02 | +0-08 

3-59 | —0-03 | +0-06 

0-25 | +002 | —0-01 | 0-49 | —0-02 | +0-01 

0-13 | +0-05 0-00 

0-15 | +0-03 0-00 | 0-22 | +0-01 | +0-01 

3-62 +0-03 | +0-01 

0-13 | +0-04 | +0-01 

4:87 —0-12 | —0-09 

4-88 | —0-03 0-00 

2°72 +0:04 | —0-06 

0-07 | +0-08 | +0-08 

0-16 | +0-02 0:00 | 0-21 0-00 0-00 

0-13 | +0-02 | —0-03 

4-96 —0-16 | —0-03’ 

0-28 0-00 | —0-02 

4-92 | —0-12 | +0-10 

5-36 | —0-08 | +0-06 | 0-24 | —0-02 | —0-02 

5°37. | —0-01 | —0-05 | 0-25 0-00 | —0-01 

3-34 | —0-04 | +0-09 

0-56 | —0-09 | —0-01 

0-25 | +0-03 | +0-01 | 0-21 —0-01 | 40-01 

0-14 | +0-02 | —0-01 

0-21 | —0-02 0-00 | 0-42 —0-03 0-00 

1:94 | —0-05 0-00 

0-15 | —0-01 | —0-01 

0-09 | +0-02 | —0-01 | 0-21 0-00 | —0-01 

2-55 | +0-10 | +0-05 ae eae or 0-17 | —0:02 | —0-02 
3-28 | +0-09 | +0-06 \ 

2-18 +0-07 | +0-03 

0-13 | +0-03 | +0-03 

1:97 | —0-04 | +0-07 

3-52 +0-15 | —0-15 

0-23 0-00 0-00 

3.29 | —0-09 | —0:03 | 0:59 | +0-03 | +0-05 | 0-26 .— 0-01 | —0-02 
0-14 | +0-04 | +0-01 | 0-62 +0-02 0:00 

1:97 | +0-08 | -+-0-01 

3-16 | +0-03 | +0-10 | 0-62 +0-02 | +0-01 ] 0-25 | +0-01 0-00 


tungsten when present in amounts as high as 18-20%, interesting 
results have been obtained even with such high percentages. 


In conclusion, acknowledgment is made of the encouragement 
which the authors have received in this interesting study from Dr. 
W. H. Hatfield, F.R.S., Technical Director of Messrs. Thos. Firth 
arid John Brown, Ltd., and Firth-Vickers Stainless Steels, Ltd., 
and to the directors of Messrs. Thos. Firth and John Brown, Ltd., 
and Firth Vickers Stainless Steels, Ltd., for permission to publish 
the results of the researches. 
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CORRESPONDENCE. 


Dr. A. G. QuARRELL (Sheffield University) wrote : I am glad to 
see that the authors have put into practice a number of recommenda- 
tions which Dr. Bramley and I made some two years ago,! and that 
successful results have been obtained. 

J think that the authors would be wise to lay greater stress upon 
the fact that their use of the term “‘ log. ratio ”’ is different from that 
of most earlier workers. The log. ratios used by Barker, for example, 
will agree with those of the present authors only if the spectrum lines 
have been recorded with densities corresponding to the straight-line 
portion of the density/log.-exposure characteristic curve of the 
photographic plate. The present work confirms our conclusions 
(loc. cit.) that this straight-line portion of the density /log.-exposure 
curve is normally extremely limited when expressed in terms of 
photometer deflections, and that in only a small proportion of cases 
is the use of the usual log.-ratio method justified by theoretical 
considerations. In the technique developed by Barker, all con- 
ditions are standardised so rigorously that the correction to be 
applied by the log. ratio is small in all cases, and even when the 
spectrum lines fall in the region of under-exposure, so that the 
normal log.-ratio method is not strictly applicable, the resulting 
error is small. The present authors, on the other hand, have en- 
deavoured to eliminate even these small sources of error by deter- 
mining and making full use of the characteristic curve of the photo- 
graphic plate. 

On receipt of a new batch of plates, the authors determine the 
shape of the characteristic curve of the emulsion, using a high- 
pressure mercury-vapour lamp for the purpose. From the results 
reported in Figs. 6 and 7 it is concluded that the form of this char- 
acteristic curve is remarkably stable over a period of as much as 
sixteen months and from batch to batch, and is virtually independent 
of the conditions of development. In addition, the authors state 
that differences in development time, speed of the particular plate 
and the intensity of the light used all displace the characteristic 
curve horizontally. Since these conclusions and observations do 
not agree with those of other workers, it would be interesting to 
know to what extent the results upon which they are based are 
repeatable? Do Figs. 6 and 7 represent the results of isolated 
experiments, or have they been repeated several times? If these 
figures do not give a misleading picture of the position with regard 
to photographic technique, one is justified in assuming that the 
photographic side of spectrochemical analysis is on a completely 
sound basis. Yet the authors find it necessary to include on each 
plate a number of spectra of “ standard” samples ‘“ to cover any 
day-to-day variations in the response of the material.’’ These so- 


' Quarrell and Bramley, Journal of the Institute of Metals, 1941, vol. 67, 
Part 1, p. 25. 
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called standards are usually taken from the previous day’s chemical 
checks, and their use is therefore open to serious criticism. Such 
standard spectra ensure a closer link-up with the results of chemical 
analysis, and this would account for the close agreement observed 
between spectrographic and chemical results, but an equal number 
of suitable exposures with a more reliable and reproducible source 
such as the mercury-vapour lamp would afford a better method of 
allowing for day-to-day variations in the response of the material 
and would enable the characteristic curve to be directly checked for 
each plate. 

It would have helped in the assessment of the authors’ work if 
they had indicated the extent of the corrections applied in the 
analysis of both high- and low-alloy steels on the basis of the standard 
spectra. 

Finally, it would have been useful if Tables V. and IX. had 
included additional. columns giving the range of photometer de- 
flections normally encountered for the various element and iron 
lines in the authors’ practice. It may be that the choice of example 
to illustrate the method of calculating log. ratios at the top of 
p: 316 P was unfortunate, for it certainly gives the impression that the 
authors most frequently worked on the upper curved portion of the 
characteristic curve. In this region (photometer deflection 0-10 
cm.) the sensitivity of the method is variable and much less than 
when the average photometer deflection is in the neighbourhood of 
30 cm. When six or seven different elements of varying concentra- 
tions are being estimated simultaneously, the most favourable 
photometer deflections cannot, in general, be used for all, but it 
would be interesting to know the extent to which this ideal has been 
approached in the present work. 

Mr. E. van SomEREN (Murex Welding Processes, Ltd., Waltham 
Cross, Herts.) wrote: The paper is a welcome contribution as 
evidence of the reliability of the spectrograph as a tool for the 
routine analysis of metal samples (p. 301 P). The second conclusion 
one would be tempted to draw is that plate calibration is too com- 
plicated a problem for the average analyst and that it is better to 
fall back on the re-photographing of standard samples on each plate, 
as the authors admit on p.313 Pp. This actually makes most of the 
work described in pp. 303 P-312P redundant. If log. ratios are 
plotted against log. composition the curvature such as is shown. in 
Figs. 8 and 13 is usually eliminated and interpolation to get the 
results is facilitated. A few criticisms of details of the paper remain 
of interest. 

Tt has been shown by workers both in the U.S.A. and in Germany 
that the errors of spectrochemical analysis (p. 302 P) follow a normal 
distribution law, and consequently the frequency of an error of any 
magnitude can be computed from the mean error, if the mean error 
is given in the form of a standard deviation and not of an average. 
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The term maximum error is ambiguous—does it mean the total 
amount present, or the biggest error which the analyst would make 
without becoming so suspicious as to repeat the test ? 

This links up with a point on p. 321 P, where the authors suggest 
that, in general, the chemical errors in a routine laboratory can be 
taken as small. One cannot contradict such a vague remark; but 
it is enough to point out that in order to compare the accuracy of 
two methods one must evaluate the errors of each by a quantitative 
statistical comparison. Examination of the analytical certificates 
issued with a “ standard steel” will indicate the magnitude of the 
errors to be expected. 

The stability of the maximum slope of the characteristic curve of 
ordinary plates developed in JD13 for between 2 and 5 min. at 
20° C. (p. 309 P) is not remarkable, since this developer usually com- 
pletes its work in 1} min. at that temperature. The increased 
density obtained, Table III., is most surprising, and I would like to 
hear the comments on this point of a photographic plate manu- 
facturer. 

As a speedy method of plate calibration (p. 311 P), we have found 
the step-wedge recently marketed by Messrs. Adam Hilger, Ltd., 
rapid and space-saving; seven exposures are recorded on 9 mm. 
of plate in one operation, with density differences corresponding to 
intensity ratios of 1-56 between consecutive steps. 


Mr. D. M. Smira (British Non-Ferrous Metals Research Associa- 
tion, London) wrote: While this paper gives a good account of the 
development of the methods used by the authors, following on from 
the classic paper by Barker, I feel that there are a number of 
points which call for criticism. 

The magnitude and frequency of the errors encountered are 
certainly important, but these can be determined by the application 
of statistical methods. If the standard deviation be determined 
from the results obtained from 25 or more spectra of the same sample 
this quantity provides the information sought. Thus, suppose we 
derive a standard deviation of 4% (of the average content), then 
the deviation of one in three results will exceed 4%, one in 22 will 
exceed 8% and one in 370 will exceed 12%. There is ample evidence 
available now to show that with a satisfactory spectrographic 
method the errors encountered are random errors and are therefore 
amenable to statistical study. 

With regard to methods for processing photographic plates, it 
was realised by the Spectrographic Research Sub-Committee of the 
British Non-Ferrous Metals Research Association that this was an 
important problem. Accordingly in December, 1941, a Panel was 
formed to consider photographic problems, to which representatives 
of the plate manufacturers were invited. It is on the findings of 
this Panel that I base my criticisms of the photographic technique 

1 Journal of The Iron and Steel Institute, 1939, No. 1., p. 211 P. 
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used by the authors. Uniformity in development demands con- 
tinuous removal of the products of development and this is only 
achieved by continuous agitation of the developer. I cannot agree 
with the statement that fixing, hardening and washing are not 
critical. It is possible that the method used by the authors is 
responsible for the somewhat pessimistic view that they find it 
useful to use only one-third of the length of the line in the photo- 
graphed spectrum. 

The use of the mercury lines 3654-83 A. and 3666-28 A. for cali- 
bration purposes is unsafe for the determination of silicon by the 
line pair Si-2881-58/Fe-2875-34, as the contrast factor for these two 
wave-length regions is quite different for the types of emulsion used 
in spectrographic work. 


Dr. J. Convey (The Admiralty Laboratory, The University, 
Sheffield) wrote: This paper indicates that a considerable amount 
of hard experimental work has been done by the authors. Un- 
fortunately, I found that to understand many of their explanations 
I had to reread the paper several times and then reinterpret their 
remarks. The title is misleading, as only one method of analysis is 
critically considered. 

The main contribution of the paper is that of the spectrochemical 
analysis of two high-alloy steels with the aid of a technique called 
“ photo-correction,” obtained from characteristic plate-response 
curves. The accuracy of the quoted results is excellent, but is this 
accuracy due to the novel photo-correction or to the many standard 
samples exposed on each plate? Have the authors compared results 
produced by their technique with those obtained from the usual 
log.-ratio/concentration calibration, when appropriate standard 
steels are exposed on each plate ? 

The authors claim that Table I. explains in detail that the in- 
fluence of variation in spark-gap width has two effects on the results, 
which are adequately compensated for by means of a photo-cor- 
rection. ‘The first effect is a modification of the overall intensity of 
the spark. This effect is assimilated by keeping the spark gap 
constant and varying the exposure time. The results as quoted 
in the first half of Table I. show that the photo-correction technique 
is as good as, but no better than, that of the easier log.-ratio/ 
concentration technique. 

The second half of Table I. illustrates the fact that in addition to 
the overall intensity change there may be appreciable inherent 
intensity changes of various spectral lines as the gap width is modi- 
fied—a variability which the photo-correction does not remove. 
Have the authors studied the spectral classification of the line pairs 
that they employed? One has to assume that the spectral line 

airs used to obtain the results in Table I. are those quoted in 
Table V. If the authors had adopted their own recommendation on 
the selection of homologous spectral line pairs, as quoted on p. 305 P, 


e 
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then they could have explained the inability of the photo-correction 
to correct for the variations shown in Table I. 

Consider, for example, the results on nickel; it is obvious that 
whatever happened in the disc experiment was also inherent in the 
gap-modification experiment. The photo-correction and log.-ratio 
techniques agree. This significant fact shows that the problem 
is entirely one of ionisation, which renders the authors’ interpreta- 
tion of the results very doubtful A study of the spectral line pairs 
given in Table V. shows that only the Ni-3510/Fe-3497-84 A. pair 
is homologous. They are both arc lines. The silicon, manganese, 
chromium, vanadium and their respective iron spectral lines are not 
homologous pairs but are respectively combinations of arc and spark 
lines. The results quoted in Table VI. add further evidence to the 
above. Therefore, can the authors justify their claim concerning 
Table I. that the photo-correction technique is superior to the log.- 
ratio/concentration technique? Both methods employ the log.- 
ratio standardisation, only the photo-correction adds further work 
in its practice. The results quoted in Table I. are good and are 
worthy of better treatment than the authors have given them. 

On p. 306 P the first sentence, “ Local irregularities in the emulsion, 
&c.,”’ is worth noting, as the method of processing the photographic 
plates mentioned on p. 307 P would help in the evolution of such 
defects. The processing technique quoted in this paper implies every- 
thing that one is not supposed todo. What variations in procedure 
of plate processing have the authors tried and how did their results 
compare with those of the method adopted by the authors? Per- 
haps the reason why the authors (p. 306 P, bottom) find it very useful 
to employ only about a third of the 14-mm. length of spectral line 
is provided by their processing technique. Can the authors give a 
comparison of the relative freedom of the various types of plates 
that they have tried from the defects quoted on p. 306P? Have 
they compared these results with those of similar plates processed 
according to the more common technique where a squeegee and 
sponge are not used and gentle rocking is carried on during develop- 
ment? That is, how does the authors’ work compare with that of 
Vincent and Sawyer?! What are the advantages of the two- 
solution developer used by the authors over the commonly accepted 
one-solution developer ? 

Why do the authors make such a statement as that on p. 307 Pp, 
fifth line from the bottom, namely, ‘‘ A decrease in speed, &ei') . .” 
and then contradict it with the results illustrated in Fig. 7 and the 
sentence on p. 312 Pp, fourth line, “In view of this constancy of 
form, &e: 9). ("2 

Table IT. shows the “influence of length of sparking time on 
log. ratios for steel A,” but the authors have also included an 
‘“ apparent-content ” result for each respective element as obtained 
from calibration curves using 12-sec. exposures. Do the authors 

1 Spectrochemica Acta, 1939, vol. 1, Oct., pp. 131-136. 
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consider this a legitimate practice? Would it not be advisable to 
omit the apparent-content column from Table II.? However 
the authors adjust the effect of minor variations in exposure by a 
variation of the development time, Fig. 6; Table III. is used to 
illustrate this claim. How do the authors assimilate this work with 
that of other authors who have found that a change in development 
time introduces two grave errors into concentration calibration 
curves as obtained by characteristic-curve analysis, namely, (a) 
ee ete of development effect, and (6) failure of the reciprocity 
aw ? 

Can the authors give a measure of the relative contributions to 
the empirical corrections shown in Table III. of (1) a difference in 
development time, (2) the speed of the particular plate used and 
(3) the intensity of the light ? 

It is interesting to note that both Figs. 6 and 7 illustrate the 
characteristic curves of two different plates and both show photo- 
meter readings plotted against log t. In Table IV. values of photo- 
meter readings are quoted against log I readings. Do the authors 
assume that log J =log t? If not, then from what curves do the 
log I values come ? 

The calibration curves in Figs. 8 to 13 are good, but why did 
not the authors include a few experimental points in order to inform 
the reader how many standards were used in their derivation ? 

At the top of p. 317 P, the authors claim “the sensitivity of the 
lines used is a very variable quantity,” in spite of the fact that most 
of the quoted calibration curves show a linear relationship between 
the log. ratio of intensity and the percentage content of element. 
Table VI. is supposed to indicate this variability, but on examination 
the reader learns that for the two alloy steels A and B the only 
common spectral line pair used is Ni-3510/Fe-3497, hence the agree- 
ment shown in the fourth line of Table VI. The small difference 
between 0-4 for steel A and 0-5 for steel B in the first line is due to the 
fact that, although the same silicon spectral line 2881-58 is used for 
both steels, two different iron lines are used, namely, Fe 2875-34 for 
A and Fe 2885-93 for B. The other line pairs are dissimilar. Do 
the authors wish to express by Table V1. that different spectral 
lines have different sensitivities? This is a sound conclusion, but 
how can they conclude that the sensitivity of the spectral lines used 
is a variable quantity? This problem is essentially one of plate 
response. 

The accuracy of the results quoted in Tables VII., VIII. and X. 
is very good, and the reason is given on p. 313 P in the paragraph on 
the use of standard samples. ‘The last sentence of this paragraph 
is equivalent to saying that each plate is calibrated by means of 
the standards, when the authors admit a relative freedom of motion 
of the calibration curves. As the authors have successfully analysed 
thousands of casts might I suggest that a careful statistical survey 
of the results would be very beneficial to the study of spectro- 
chemistry. 
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AUTHORS’ REPLY. 


The AuTHORS wrote in reply : We have followed the work of Dr. 
Quarrell and Dr. Bramley on the spectrographic analysis of alumin- 
ium alloys with considerable interest and agree with many of the 
conclusions reached in the paper mentioned by Dr. Quarrell, although 
we do not find the suggested modification in working, based on the 
difference between the photometer readings, to be as satisfactory 
for steel analysis as the more usual log.-ratio method. We do not, 
of course, wish to claim originality in regard to’the basic idea of 
correcting photometer readings according to the plate characteristics, 
such procedure having been recognised and applied by various workers 
in recent years. We believe, however, that the particular method 
of application described in the paper is new. 

In the course of our work, we have prepared large numbers of 
curves dealing with plate characteristics, covering various types of 
plates over a period of years. We would make it quite clear that 
we did not set out with any preconceived idea as to the stability 
of form of the type of characteristic curve used; in fact, quite the 
contrary. In the early stages of the work we carried out mercury- 
vapour lamp calibrations on a series of plates and explored the 
possibility of using the relative density of selected iron lines as a 
method of individual plate calibration, but the steadiness of form 
of the mercury-line response curves made it evident that it would 
not be necessary in routine work to carry out individual standardisa- 
tions of all plates. This was a valuable simplification of technique 
and made possible the tabulation of the calibration response as 
described in the paper and illustrated in Table IV. 

We do not, of course, assume that no variations occur. Some 
recent deliveries of plates have shown such modification in response 
that new conversion tables have had to be prepared to deal with 
them. Nevertheless, it remains true that, within a given batch, 
and often from batch to batch, tables based on a single curve 
provide effective density correction. Final adjustment is made by 
checking the behaviour of the “ standard ”’ samples on each plate. 
These standards, as explained in the paper, also serve to check any 
batch variation in response of the steel analysed. With the higher- 
alloy materials we have found that such variations do occur, and 
lead to a somewhat decreased accuracy unless checked by the use 
of recent samples of known analysis in addition to any older, 
established standards which may be employed. 

Dr. Quarrell will find an indication of the range of photometer 
deflection encountered with steel A, on Kodak B20 plates, from 
the normal readings given in Table A, prepared in connection with 
the reply to Dr. Convey. 

Mr. van Someren argues from the continued use of standards 
that the plate-calibration work is redundant. This is certainly 
not the case. ‘Table A illustrates the serious divergence which can 
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result from individual fluctuation in spectral density, and, while 
the density changes illustrated there may be larger than would 
normally occur in practice, some variation is to be expected and must 
entail loss of accuracy unless corrected. Moreover, such correction 
minimises changes in slope and shape of the composition curves, 
which can otherwise occur as a result of overall differences in density 
between plate and plate. This is a valuable point, even with the 
use of standards, when the highest accuracy is required, and par- 
ticularly when large composition ranges must be covered on a single 
plate with relatively few standards. 

We have certainly not ignored the possibilities of statistical 
study of the spectrographic technique. We have, for example, 
read with much interest the recent account of the application of 
such methods by H. B. Vincent and R. A. Sawyer, in which, working 
under carefully controlled conditions and with a single standard 
material, these workers have obtained information as to the mag- 
nitude of various sources of error in their equipment and procedure. 
This is a different matter from attempting to obtain useful statistical 
data from routine results with only a limited number of check 
chemical analyses, or even from special plates where all the analyses 
have been checked, but where the seventeen samples involved may, 
in the case of the low-alloy materials, for example, cover a wide 
range of composition, and where any one of the samples may 
have some special idiosyncrasy of response. Even assuming that 
statistical treatment can be usefully applied in such cases, we still 
stress the point that it is the frequency of occurrence of errors of 
considerably higher magnitude than the calculated standard error 
which determines most effectively the useful limits of practical 
application of the method. 

The expression ‘“‘ maximum errors > was used in the paper to 
indicate the largest errors in the analytical figures which would 
occur in practice when dealing with large numbers of routine deter- 
minations. Such errors can occur without necessarily arousing any 
suspicion in the mind of the analyst, since their effect can be to 
make an unsatisfactory cast appear to be satisfactorily within 
specification. When the error is such as to indicate failure to meet 
the specification in a good cast, it is, of course, more likely to be 
questioned and the determinations checked. : 

We do not feel that statistical treatment of the chemical errors 
of the order of -0:02% maximum on, say, a 0-5% manganese 
content would be of much practical value. Hyen with the 12% of 
nickel present in steels A and B, in our experience the chemical 
analysis is regularly carried out within a tolerance of +0:1% of 


nickel. s. 
We have found no advantage from the use of log.-composition/ 


1 Tenth Summer Conference on Spectroscopy and Its Applications, 
Journal of the Optical Society of America, 1942, vol. 32, No. 11, Nov., 
pp. 686-692. 
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log.-ratio curves in place of the normal composition/log.-ratio 
curves. . 

Under our conditions, with only preliminary agitation of the 
developer, development in JD13 solution is certainly not complete 
in 14 min. The results of the deliberations of the Panel on photo- 
graphic materials and processing referred to by Mr. Smith will be 
awaited with much interest by all workers in this field. For the 
present, we still prefer the method of development which we have 
described, although we have recently encountered some very thin 
emulsions which even the lightest treatment with a squeegee tended 
to mark and which could not satisfactorily be dried in the usual 
current of warm air. This has led to the use of a wetting agent 
to promote uniform initial wetting of the emulsion by the developer, 
in place of the very light stroking with a flat rubber squeegee 


Liford Ordinary Plate 


Developed 3min. in IDIZ 
at 20°C 


280347 
2893°59 
2925 °4/ 
302348 
334/°48 
3906°4/ 


we SEE , 3654-83 
Standard Curve based on eee 


oO O02 Oa O-6 O-8 ie) Me 4 6 r8 20 
Log t. 


Fia. A.—Effect of Wave-Length on Plate Characteristic Curve. 


previously employed, with very satisfactory results. Only one 
batch of plates was affected by the drying trouble, and in this case 
the emulsion was so thin that drying at ordinary temperatures 
was quite rapid and satisfactory. Such points require constant 
watchfulness on the part of the operator, but we suggest that a 
careful study of unprocessed plates and of uniformly fogged and 
processed plates will reveal to Mr. Smith and Dr. Convey other 
reasons than our methods of processing which make it useful in 
practice to employ only a portion of each line for the normal’ 
reading. 

We were aware of the fact mentioned by Mr. Smith that the re- 
sponse of the plates would be somewhat different at different 
wave-lengths, although results such as those given in Table I., 
as well as experience in actual determinations, have indicated the 
generally satisfactory nature of the 3655-3663 A. curve. We 
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examined the quantitative aspect of this effect by drawing calibra- 
tion curves for a series of mercury lines from 2803-47 A. to 3906-41 A 
In Fig. A are plotted the results from such series taken from an 
Ilford Ordinary plate developed in [D13 developer. Similar results 
were obtained with a Kodak B20 plate developed in D196 developer. 
For the purpose of comparison, the values obtained for the various 
lines have been superimposed by the application of a suitable factor 
as described in the paper, the adjustment being made in this case to 
establish coincidence of the various series in the 20-25 cm. region. 
It will be seen that the points based on lines of wave-lengths from 
2803-47 A. to 3341-48 A. fall sensibly on a single curve, which has a 
somewhat lower slope than the normal, higher wave-length curve. 
On the other hand, the difference in shape over the limited portion 
of the curves corresponding to ordinarily experienced fluctuations 
in density for a given line is not great, and series of results worked 
out by the two curves failed to show any justification for complicat- 
ing the technique by the use of more than the one curve. It is, 
of course, conceivable that in some circumstances the matter might 
be of real practical importance. 

We note Dr. Convey’s remarks concerning the title of the paper, 
but in this connection we feel that he has misunderstood its essential 
objects. These were, first, to consider critically, in the light of our 
extensive practical experience, the degree to which. this method can 
usefully be employed as a substitute for normal routine chemical 
analysis under steelworks conditions such as those described in the 
paper, and, secondly, to indicate the precautions and modifications 
of technique which we had found it necessary to introduce to reduce 
existing sources of error sufficiently to make possible our routine 
work on steels A and B. It was intended that the paper should in 
this way serve as a useful source of information to those considering 
the possible applications of the method in steelworks practice. Thus, 
although mathematical or theoretical considerations could have been 
developed at much greater length, it was considered that this would 
have unduly lengthened and complicated the account for the 
purpose in view. 

With regard to Dr. Convey’s remarks on photo-correction, we 
found very early in our work that some form of such correction 
was desirable, and it has consequently been included in the whole 
of our routine work. Originally it was applied empirically (p. 311 P) 
and later by means of the characteristic curves. This latter pro- 
cedure has proved more convenient as well as more accurate. The 
degree of increased accuracy obtained varies with the density of 
the lines involved and also with the difference between the density 
of the element line and the comparison iron line. Perhaps the best 
way of illustrating the magnitude of the corrective effect introduced 
is by a comparison such as that provided in Table A. In this 
Table, in the two columns dealing with normal spectra are given 
actual results obtained with a sample of steel A on a Kodak B20 
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plate,1 worked out in one case on uncorrected log. ratios and in 
the second case by photo-corrected values. Other columns contain 
figures prepared by assuming a simple change in density of the two 
spectra concerned, corresponding to 20% greater intensity of 
illumination in one case and a 20% decrease in the other, the character- 
istic curve for the plate being used to deduce the new photometer 
readings. Thus the corrected log. ratios remain constant, as they 
should do with a simple overall change in intensity, but, owing to the 
non-linear plate response, the uncorrected log. ratios are appreciably 
modified by the assumed change in density. The corresponding 
effects upon the estimated element contents are shown in the Table. 

Dr. Convey would appear to have misunderstood Table I. The 
object of this Table was not to show that variation of spark-gap 
width has two effects on the results which are adequately com- 
pensated for by means of a photo-correction, but, on the contrary, 
to show that, while the purely photographic part of the effect would 
be satisfactorily corrected by the use of the characteristic curve 
in the manner described, there remained over and above this a 
variation, no doubt related to ionisation effects, which was least 
sensitive to gap variation in the region of a 2}-mm. gap width. 

Naturally we would have preferred to adopt homologous line 
pairs in all our work, but, as explained on p. 305 P of the paper, this is 
very often an unattainable ideal in practical spectrography. Thus, 
if Dr. Convey will examine the low-alloy lines given in Mr. Barker’s 
paper (Joc. cit.) he will find that these are in most cases the same as 
the lines which we have used for this class of steel, and show similar 
differences in type. It is even at times necessary to admit the 
complication of incomplete resolution of interfering lines where no 
better alternative can be found, as discussed on p. 306P. While we 
would not claim that no more satisfactory line pairs could be 
found in certain cases, those given are the most satisfactory which 
careful search has revealed in the region 2700-4300 A. This region 
is the most useful. for our work, since it includes both the silicon 
line 2881-58 A. and the tungsten line 4008-75 A., for which we have 
found no suitable alternatives. 

We quite fail to understand Dr. Convey’s statement that Table I. 
shows photo-correction technique to be as good as, but no better 
than, the easier log.-ratio/concentration technique. What Table I. 
does show in this connection is that photo-correction satisfactorily 
corrects the widely divergent log. ratios which would otherwise be 


1 As a matter of interest the results employed have been taken from a 
current series using 99-98% purity silver electrodes in place of the graphite 
electrodes described in the paper. This modifies the recorded log. ratios 
somewhat, but does not, of course, affect the correction principle. These 
electrodes have given results of similar accuracy to graphite electrodes, which 
they resemble in size and shape, and have the advantage: of much greater 
durability, both generally and in respect of the much longer life of the pointed 
ends before resharpening becomes necessary. The exposure used is 10 sec. 
in place of the 12 sec. with graphite electrodes. 


336P SHIRLEY AND ELLIOTT : CONSIDERATION OF APPLICATIONS OF 


obtained with fluctuating density of spectra as a result of the purely 
photographic effect. The extent of the divergence is shown in the 
Table as the total correction required to bring the log. ratios into 
line with the half-disc or 2-mm. gap results, these being arbitrarily 
chosen as standards for the Table. The figures given in Table A 
illustrate what lack of such correction can mean under practical 
conditions of working. Dr. Convey can get some idea of the mag- 
nitude of the errors indicated by the fluctuations shown in Table I. 
by a comparison of the correction figures with the composition 
figures corresponding to a 0-1 change in the log. ratio for steel A 
(Table VI.). 

As explained on p. 307 P, we have carried out numerous experi- 
ments on methods of development, particularly with uniformly fogged 
plates; in fact, this was one of the earliest studies in our spectro- 
graphic work, and has continued throughout. We have tried many 
variations of rocking technique and also various stroking and camel- 
hair-brushing treatments, but for standard routine work we found 
the method described in the paper the most satisfactory. Other 
* points of processing technique have already been dealt with in reply 
to Mr. Smith. ; 

Change in speed of plate, time and temperature of development 
or intensity of the illumination used can all modify the position 
of the working portion of the characteristic curve used with respect 
to the log t axis. This does not necessarily imply an appreciable 
change in form of the portion of the curve considered, and for the 
purposes of comparison the results for one plate have, where stated, 
been superimposed on the curve for another by a general movement 
with respect to the log t axis, equivalent, of course, to multiplying ¢ 
by a constant factor. For the present work the interest lies in the 
difference between two readings, so that’ the absolute position in 
relation to the log ¢ axis is immaterial. In this connection we cannot 
say precisely what proportions of the correction factors applied to the 
results in Table III. to produce Fig. 6 are related to development 
speed of plate and intensity of the light, nor is this a matter of any 
consequence for the purpose for which the results were plotted. 

Table IV. is part of a working table, in which we agree that it 
would have been more strictly correct to have retained the term 
“log ¢” or rather “log Kt” at the head of the log J column. It 
has been shown, however, that for the present work the log ¢ curve 
can be satisfactorily employed for deriving corrected log. intensity 
ratios. 

With regard to Table II., the “apparent content” columns 
were inserted simply to give a clearer appreciation of the degree of 
movement of the composition curves resulting from the changed 
exposures. As such we see no reason why the practice should not 
be considered legitimate. 

‘The reason for not including a few experimental points in the 
calibration curves in Figs. 8 to 13 is that they were not derived from 


SPECTROGRAPH TO STEELWORKS ANALYSIS.—AUTHORS’ REPLY. 337 P 


a few points but from the extensive study of the response of some 
hundreds of production samples of known chemical analysis. This 
work has been carried out on an industrial scale on material which 
was already passing through in quantity with full chemical analysis’ 
before the spectrographic work commenced, so that, although a 
dozen or two samples covering a range of composition were selected 
in the first instance to obtain a general indication of the form of curves, 
their reliability was checked by a lengthy period of parallel working 
between spectrographic and chemical procedures before ultimately 
fixing final forms and positions. This does not, of course, mean 
that they could now be bodily transferred to another laboratory 
and immediately used as reliable under new conditions. They are 
given in the paper as a guide, but, as in all this work, each operator 
must standardise and fully check his own procedure under his own — 
conditions, using the actual materials for which the work is 
required. 

Finally, as regards the variability in sensitivity of the lines used. 
(Table VI.), the point which we wished to bring out was that, at the 
various concentration levels concerned, and under the compromise 
conditions of exposure involved in dealing with five elements 
in a single spectrum, the most satisfactory lines found showed 
widely different sensitivities in terms of the actual concentration 
change for a given change of log. ratio. In this respect, for example, 
0-1% of vanadium in steel A is equivalent to 2-2% of nickel in the 
same steel. 
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The constitution of the Sub-Committee is stated and the scope 
of their investigations ig discussed. The ultimate purpose of the 
Sub-Committee’s work is to establish the most efficient and economic 
cures for both corrosion and fouling. The immediate scope of their 
activities includes an intensive study of the forms, rates and mechan- 
isms of fouling, together with extensive investigations directed 
towards the establishment of improved formulations both for anti- 


corrosive and for anti-fouling ships’ bottom compositions. 


1 A Joint Committee of The Iron and Steel Institute and The British Iron. 
and Steel Federation, reporting to The Iron and Steel Industrial Research 


Council. 
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Section B.—Raft Tests 

Details of the experimental procedure adopted in the conduct of 
the Sub-Committee’s raft tests are given and followed by a general 
description of the first two series of tests, which were made at 
Plymouth and Caernarvon on samples of proprietary painting 
schemes supplied by twenty-three different manufacturers. Some 
general observations are made concerning the formulation, nedia, 
pigments and toxins of these paints. Marked differences in con- 
sistency were observed from one sample to another, and the desirability 
of establishing a more uniform standard in this respect is stressed. 

The performance of these commercial painting systems varied 
considerably ; under raft-test conditions, when the rate of attack is 
accentuated as compared with service, the worst of them broke down 
within a few weeks when applied to new or even to repainted steel; 
the durability of the best exceeded one year. 

An analysis of the development of fouling during the Caernarvon 
test showed that all types of fouling—slime, weed, hydroid and shell 
—were observed, that there was a seasonal effect in this development 
and that this was also affected by the distribution of light and by 
subsidiary incidental effects due to tidal movement. 

Comparison of the Plymouth and Caernarvon tests showed that 
the results were reasonably reproducible. The main “ranked ”’ 
painting schemes at Plymouth were also ranked at Caernarvon. As 
expected, there was a general improvement in performance when the 
painting schemes were applied over old paint, as compared with freshly 
pickled steel. At Caernarvon, the average lives to failure in these two 
cases were 16-2 and 10-7 weeks, respectively. Moreover, whereas 
the majority of failures on repainted surfaces were due to fouling, 
corrosion was the primary cause of failure on repickled ones. This 
emphasises that comparisons of anti-fouling compositions as such 
should be made only over satisfactory protective coats. 

The life to failure by fouling as determined at Caernarvon on 
repainted specimens varied from a minimum of 5 to a maximum 
exceeding 56 weeks for the different proprietary compositions. There 
was a general but by no means exact correlation between these lives 
and the corresponding toxic indexes. (As described in Section C, 
the toxic index is the weighted aggregate percentage of copper, 
mercury and arsenic in the anti-fouling composition, the mercury 
content being multiplied by 2; arsenic (as As,O,) is almost ineffective, 
but in these tests a weighting factor of } has been assumed.) It is 
considered that several of the most marked deviations from this 
correlation are due to the presence of organic toxins in the composi- 
tion. The test shows that, on the average, in order to ensure a life 
of 6 months under the experimental conditions at Caernarvon a toxic 
index of at least 30 would be needed. This would correspond to the 
presence in the anti-fouling composition of 15% of mercury as 
mercury compounds, or 30% of copper as copper compounds, or of 
an equivalent mixture, with the reservation that it is doubtful 
whether mercury can completely replace copper. 

With two painting schemes, the drying time allowed between 
putting on the anti-fouling composition and immersion was varied 
from } to 194 hr., as compared with the standard interval of 5 hr. for 
the main test. These differences were not observed to have any 
systematic effect on the results obtained. 

The variation in the protective properties of the painting schemes 
was as marked as that in the anti-fouling properties. The best were 
but slightly affected even after a year’s immersion, whereas the worst 
suffered severe corrosion in only a few weeks. This variation is 
illustrated by results for the adhesion of the paints after test and the 
loss in weight of the various specimens on exposure. In terms of 
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steel the latter varied from nil to 1:48 oz. per sq. ft. at Plymouth 
and from 0-02 to 1-49 oz. per sq. ft. at Caernarvon; the durations of 
exposure were 29 and 26 weeks, respectively. Comparable losses for 
bare pickled steel exposed simultaneously were 1-78 and 1-39 oz. per 
sq. ft., from which it is obvious that the worst compositions were 
practically useless. In general the correlation of the Plymouth and 
Caernarvon results for the painting schemes common to both series 
of tests was good, i.e., the orders of merit in regard to protective 
properties were substantially the same. 

Another property investigated was the tendency for the painting 
schemes to promote pitting or local attack at ‘‘ holidays,’’ 7.e., gaps in 
the coating when the steel was left bare. This was done by leaving 
small areas, } in. square, unpainted when applying the coatings. It 
was found that the depth of pitting at these holidays after 6 months’ 
exposure ranged from 0:007 to 0-080 in. Moreover, the results were 
substantially the same in both test series, from which it is concluded 
that the degree to which pitting is promoted at bare areas in a paint 
film is a characteristic property of the painting scheme used. At 
Caernarvon the worst pitting was associated with a scheme in which 
two coats of red-lead/oil paint were used as the protective imme- 
diately beneath the anti-fouling composition. This does not necessarily 
mean that red lead primers should not be used on ships’ hulls, but it 
does point to the desirability that they should be suitably formulated 
for this purpose. 

In general it is concluded from these two series of experiments that, 
although service tests must remain the final criterion of performance, 
particularly where anti-fouling properties are concerned, raft tests 
should give a good indication of the relative merits of protective 
compositions, and the results of these initial series should bear a - 
substantial relationship to the probable behaviour in the case of 
painting schemes applied to new construction. New series of tests 
will include a study of the influence of the build-up of the coating 
resulting from successive repaintings. 

Subsequent series of tests have been conducted on more funda- 
mental lines. Series IV., begun at Caernarvon in January, 1942, is 
designed to elucidate the effect of various methods of surface prepara- 
tion, weathering, pickling, &c., coupled in some cases with temporary 
protective treatments applied during the weathering period 
(corresponding to exposure on the stocks) before the painting proper. 
Data are given for the losses in weight and, in the case of as-rolled 
plates, for the percentage descaling of the steel as a result of this 
preliminary exposure. These show that for the general run of ships 
plates at least 6 months and probably much longer would be needed 
to remove the mill scale entirely by weathering; further, the 
weathering process is accompanied by the formation of substantial 
quantities of rust which cannot be removed completely from the 
surface by hand-cleaning. ; 

All the temporary protective treatments tested, with the exception 
of mineral oil, were effective in eliminating rusting almost completely 
during the weathering period. Mineral oil had practically no 
protective effect and was markedly inferior to boiled linseed oil, 
which, when rubbed on thinly at the rate of about 3000 sq. ft. per 
gal., was found to protect the plates adequately during 70 days’ 
exposure in the open at Caernarvon. Protection, however, is not the 
only criterion; it is equally important that the temporary protective 
shall be compatible with the final painting scheme. Interim results 
for the immersion tests proper show that the behaviour of one of the 
schemes used was adversely affected both by the boiled linseed oil 
film and by a temporary protective coat of red iron oxide paint (in an 
ordinary oil medium); on the other hand, the application of a tem- 
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porary protective coat of thin red lead paint, which dried out 
thoroughly during the weathering period, resulted in a pronounced 
improvement in performance. This again points to the necessity for 
complete control of the formulation of all paints used for marine 
purposes. 

In the case of a moderately good painting scheme, better results 
were obtained both on as-rolled and on pickled surfaces that had been 
weathered for 105 days than on a freshly pickled surface, possibly 
because the presence of rust improved the adhesion of the paint. 
This may not be a general result, because with a better painting scheme 
which shows little deterioration to-date the reverse is the case, the 
freshly pickled specimens being the best of the batch. ; 

Examination of specimens removed after 25 weeks’ immersion 
showed that in all cases where the final scheme had been applied over 
surfaces from which mill scale had been incompletely removed by 
weathering, pitting had occurred at the boundaries of the remaining 
mill scale up to a depth of 0-034 in. Pickled surfaces suffered a 
different type of attack, which was localised to a shallow depth over 
comparatively large cellular areas, corresponding with places where 
the paint had flaked off. Since the tendency to pit will remain so 
long as the mill scale is incompletely removed, and since weathering 
in the yard and on the stocks cannot be relied on to bring about 
complete descaling, it is suggested that more attention be devoted 
to the use of pickling for this purpose. 

Good agreement in assessing the protective values of the various 
painting schemes was observed between the results of the raft tests 
and those obtained in laboratory tests at the Chemical Research 
Laboratory, using a special apparatus in which specimens are 
rotated rapidly in sea water. 

Series V., also begun in January, 1942, is concerned with new 
types of protective paints that are being developed by Dr. U. R. 
Evans. These are designed to overcome one of the fundamental 
disabilities associated with the protective painting of structural steel, 
namely, that all coats should be applied to a good surface under 
good conditions. It is hoped that these new paints will prove 
insensitive to these adverse factors and that they will be found to 
give good results when applied, for instance, to wet and rusty steel. 
Results so far are encouraging, and in tests of up to 6 months the 
protective properties of some of them have proved equal to those of 
the best commercial compositions. 

Tests on a number of formulated compositions prepared by the 

Paint Research Station, through the courtesy of Dr. L. A. Jordan, 
are reported (Series VI.). These constitute an investigation of the 
possibility of substituting coumarone and lanolin for rosin and 
linseed oil, respectively, in media of the rosin/coal-tar-pitch /linseed- 
stand-oil type. These schemes failed rapidly by fouling, largely 
because the toxin contents of the anti-fouling compositions were too 
low, but the results showed that several of the schemes in the 
substitute media had promising protective properties. 
_ This brings the account of the raft tests up to-date. An outline 
is given of the immediate experimental programme, which will 
consist of three interrelated series of tests on special compositions 
formulated and prepared by the Sub-Committee : 


(1) Tests at Caernarvon, in which the pigmentation of the 
protective composition will be the main variable. This series 
has just been begun and a few details of it are given. 

(2) Tests at Emsworth, where a new testing station will be 
set up by the Admiralty Corrosion Committee under the 
direction of Dr. I. G. Slater. Here the main variable will be the 
medium used for the protective compositions; a limited number 
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of alternative pigments will be put up in each medium. In 
addition, the effect of building up thick films of paint on the 
steel specimens will be systematically investigated. 


Tn series (1) and (2) the same anti-fouling composition will be used 


throughout each series. ; 


(3) Tests at Millport, by Dr. J. E. Harris, on anti-fouling 
compositions, in which a number of old and of possible new 
toxins will be tested in a variety of media. 


All these series will be correlated with each other and with the 
results of accelerated laboratory tests at the Chemical Research 
Laboratory, Teddington, by means of suitable controls. In addition, 
storage tests, both at ordinary and at tropical temperatures, will 
be made to test the keeping properties of all the compositions 
prepared. 

Section B concludes with an account of subsidiary series of 
tests relating to protective metallic coatings and to unprotected irons 
and steels, respectively. 

Immersion tests at Gosport have shown that thin coatings of 
zine—or aluminium—ranging up to 0-005 in. thick, protect steol 
adequately for at least one year (the tests are still in progress). 
Zine coatings have a decidedly toxic effect as compared with alu- 
minium, but this does not suffice to prevent fouling completely. 
Tests at Caernarvon in which paints were applied over the metallic 
coatings before immersion showed that the effect of zinc on fouling 
was evident even when the surface was painted over with three coats 
of naval compositions, finishing with an anti-fouling coat. The 
behaviour of this painting scheme was better over the metallic coatings 
than over bare steel, no doubt a result of the suppression of rusting ; 
there was evidence, too, of better behaviour on a surface pickled by 
the Footner process, which includes a finishing dip in dilute phosphoric 
acid, than on a surface pickled by the normal Admiralty procedure in 
cold dilute hydrochloric acid. 

Tests on bare irons and steels at Gosport and at Plymouth 
showed that, apart from the fact that Scottish wrought iron was 
about 15% more resistant to corrosion than ordinary mild steel, 
there was no appreciable difference in the losses in weight of numerous 
types of ordinary and low-alloy irons and steels of constructional 
quality when immersed in sea water in the bare condition. In 
particular, the presence of small amounts of copper, alone or in 
combination with small amounts of chromium, had no effect. This 
should be regarded as an interim result, but it is clear that any 
differences will be negligible when, as is imposed by necessity in 
service, the irons or steels are exposed with a protective coating. 


Section C.—Anti-Fouling Investigations 

The biological aspects of fouling are first considered. The 
community of organisms appearing on non-toxic surfaces includes 
marine bacteria, seaweeds, diatoms ‘and sessile marine animals, such 
as barnacles, calcareous tubeworms, ascidians (sea-squirts), polyzoa, 
mussels and hydroids.. The community can be resolved into fairly 
well-defined separate layers; from a basal carpet layer, a more 
complex community may grow up. The extent of this growth varies 
with the toxicity of the paint, with the season of immersion and 
with the organisms available to settle and able to maintain them- 
selves in a community. The presence of some types of fouling 
impedes the settlement and growth of other types. er 

Different types of organisms differ widely in their sensitivity to 
the metallic toxins commonly used in anti-fouling compositions. 
This is demonstrated by the results, which have also been used to study 
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the effects of different toxin concentrations, differences in medium 
and other variables on the performance of specially formulated 
anti-fouling compositions. . ; ; 

The development of fouling, 7.e., the sequence in which the various 
types of organism appear on the surface and their relation to each 
other, is being studied. The earliest stage consists of a bacterial 
or diatom slime. This film has been observed to form on all 
anti-fouling paints exposed in the sea. The amount of slime bears 
a definite relationship to the toxicity of the paint and is also 
influenced by some of the ingredients in the paint medium. A 
quantitative method of determining slime formation has been 
developed, in which the film is stained with methylene blue; the dye- 
stuff absorbed is leached out and estimated colorimetrically. It is 
hoped to make use of this as a rapid means of determining toxicity, 
since the time necessary for the formation of slime is a few days only 
and much shorter than that required for the development of weed 
fouling. Moreover, slime formation is much less affected .by the 
season, which should render it possible to conduct determinations all 
the year round without reference to the fouling season. 

The diatom flora also provides a means of estimating the toxicity 
of a surface soon after its immersion in sea water, long before visible 
signs of fouling on a large scale appear; this method, too, should be 
capable of use at all times of the year. 

Evidence shows that the toxicity of a surface has little effect on 
the growth of an organism once attachment has taken place. 
Possibly, attachment could be prevented by the incorporation in the 
anti-fouling composition either of substances that repel or kill the 
organisms in their settling stages or, alternatively, of substances 
which prevent the adhesion or setting of the cementing substance by 
means of which the organisms attach themselves. The second 
possibility is being explored with special reference to the cement 
secreted by the larva of the common barnacle, one of the most 
important organisms. This study has been greatly facilitated by 
the development of methods for rearing this animal in the laboratory 
from its free-swimming larval stage to its fixed stage. 

Fundamental investigations of the principles underlying the action 
of anti-fouling compositions are in progress. These consist mainly 
of raft tests on formulated compositions, a large number of which, 
containing both inorganic and organic toxins, have been prepared. 

In the case of the common inorganic poisons, it has been demon- 
strated that mercury is approximately twice as effective against 
weed fouling as copper (weight for weight); arsenic, at least in the 
form of arsenious oxide, is almost ineffective. The ratio of the 
effectiveness of mercury and copper is higher in the case of barnacle 
teers for which it is at least three to one; again, arsenic has little 
effect. 

The anti-fouling effect of the usual copper compounds was 
primarily determined by their copper content and fell off in the 
following order : Copper bronze, cuprous oxide, copper thiocyanate, 
Paris green. The physical form and solubility of any given toxic 
pigment will also be of importance. 

Numerous organic toxins have been tested, both in the laboratory 
and in the form of paint films on panels immersed in the sea. The 
laboratory tests consist in determinations of their toxic effects on 
marine organisms in sea-water cultures; under these conditions many 
of the compounds are at least as toxic as copper and some even more 
toxic than mercury. On the other hand, with a few promising 
exceptions, the toxicity of these compounds when incorporated in 
actual paint films has fallen far below the values that would be 
expected from the sea-water culture experiments. 
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Chemical studies of the rate of leaching of copper, mercury and 
organic compounds from paint films in sea water are in progress, and 
micro-analytical methods have been developed for this purpose. 

The maximum effectiveness of the most suitable toxins, when they 
are discovered, will only be achieved by their incorporation in the 
most appropriate paint medium. This aspect of the matter is being 
studied, due regard being paid to the conflicting requirements that 
the toxins shall be readily and continuously available whilst the 
coating itself shall be as durable as possible. 

Attempts are being made to ascertain the chemical mechanism by 
which toxins produce their anti-fouling action. To this end the 
chemical equilibrium between the copper pigment, the free fatty 
acid in the paint medium and the sea water is being investigated. 

The importance of providing efficient protective undercoats is 
stressed. Statistical analysis of the correlation of fouling with 
rusting on a number of specimens coated with proprietary painting 
schemes showed that fouling always followed rusting. No evidence 
was obtained that the presence of fouling organisms on the specimens 
induced rusting. 

Section C concludes with some notes on the results of the examina- 
tion of upwards of sixty samples of fouling from ships. The 
number of species represented was fewer than is found on specimens 
exposed in raft tests, probably because of the more limited flora 
available for settlement in many ports compared with those in the 
vicinity of the rafts. Only certain seaweeds have spreading attach- 
ment systems and growth forms suitable to withstand the force of 
water movement over a ship’s hull. Considerable progress might be 
made by concentrating attention on the elimination of the specific 
types of organisms chiefly responsible for fouling under practical 
conditions. This in turn suggests that anti-fouling formulations 
of the future will not be one but several, each specially designed for 
the special conditions of service of individual vessels. Practical 
developments in this direction will be materially facilitated by the 
planned co-operation of ship-owners, both in forwarding samples of 
fouling for examination and in providing facilities for tests on vessels. 


Section A.—Introduction. 


Part I.—ConstituTION OF THE MARINE CoRROSION 
SuB-CoMMITTEE. 


Tue Corrosion Committee of The Iron and Steel Institute and The 
British Iron and Steel Federation, under the Chairmanship of Dr. 
W. H. Hatfield, F.R.8., have been engaged for a number of years 
in a systematic study of the corrosion of iron and steel and of 
methods for preventing this. Corrosion arising as a result of 
immersion in sea water has naturally come under their attention, 
and their published Reports contain accounts of several investi- 
gations in this field. Additional impetus has been given to this 
branch of their work during the past two or three years by the 
desire, expressed by the Admiralty representatives and others, for 
a fundamental research into the prevention of fouling. Although 
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the possibility of using other methods should not be ignored, this is 
usually accomplished at present by means of anti-fouling composi- 
tions, and since, as will be evident from the present Report, the 
behaviour of an anti-fouling composition cannot be divorced from 
that of the anti-corrosive coat beneath it, the Committee decided 
that this was a pertinent enquiry for them to undertake. Accordingly 
the matter was referred to the Marine Corrosion Sub-Committee. 
They, in turn, strengthened their membership by co-opting various 
authorities on such matters as marine biology, paint technology 
and practical shipping conditions, whose experience has been of 
inestimable value in the Sub-Committee’s deliberations, and in 
addition appointed a full-time investigator, Dr. J. E. Harris, to 
deal more specifically with the biological and anti-fouling aspects of 
their investigations. 

As a result, the constitution of the Marine Corrosion Sub- 
Committee is now, February 24th, 1943, as follows : 


Dr. G. D. BENGoUGEH, 
(Chairman) . , 


F.R.S. bya d of the Chemical Research 
Dr. W. R. G. Arxins, F.R.S. 


Laboratory, Teddington. 
The Marine Biological Association, 


Dr. G. 8. BAKER : 
Dr. C. H. Drsou, F.R.S. 


Mr. F. Fanoutt 


Mr. W. A. D. Forsrs . ‘ 
Professor F. E. Frirscu, F.R.S8.. 
Dr. J. E. Harris (Investigator) . 
Dr. H. W. Harvey . . k 


Dr. J. C. Hupson 
vestigator) 
Dr. L. A. JornDAN 


(Oficial In- 


Dr. J. MontTGOMERIE 
Mr. R. H. Myers 


Mr. V. G. SHEPHEARD 
Dr. I. G. SLATER 

Mr. C. Gorpon SmirH 
Dr. H. Surron 

Dr. E. V. TELrer 

Mr. T. Henry TuRNER 
. W. H. J. Vernon 


Mr. A. E. Cuarrti (Secretary) 


Plymouth. 

Shipbuilding Conference. 

The Iron and Steel Industrial Re- 
search Council. 

pice Midland & Scottish Railway 

oO. 

The Admiralty. 

University of London. 

The Iron and Steel Institute. 

The Marine Biological Association, 
Plymouth. 


The Iron and Steel Institute. 

The Research Association of British 
Paint, Colour and Varnish Manu- 
facturers. 

Lloyd’s Register of Shipping. 

The British Iron and Steel Federa- 
tion. 

The Admiralty. 

H.M. Dockyard, Portsmouth. 

Messrs. Alfred Holt & Co. 

The Royal Aircraft Establishment, 
Farnborough, 

N.E. Coast Institution of Engineers 
and Shipbuilders. 

London & North Eastern Railway 


Co. 

The Chemical Research Laboratory, 
Teddington. 

The Iron and Steel Institute. 
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Part IJ.—PrEsENT PosITION AND OBJECTS OF THE 
Sup-CoMMITTEE’S WORK. 


_ The ultimate purpose of the Sub-Committee’s work is to 
establish the most efficient and economic cures for the two evils 
that beset all ordinary irons and steels of construction when 
immersed in sea water—namely, corrosion and fouling. It is 
hardly necessary to refer to the detrimental effects of the latter on 
fuel consumption or alternatively on speed in the case of ships, a 
matter of prime importance both to naval vessels and to merchant 
ships, whilst the corrosion hazard is reflected in the appreciable 
margins of safety allowed in the thickness of hull plates. Although 
it is probable that the prevention of fouling is the major problem in 
the later stages of a ship’s history, when the hull has become 
seasoned and has accumulated a thick coat of paint, the prevention 
of corrosion is of corresponding importance during its early life, 
both because serious damage may result from excessive attack and 
because, as will be shown later, the fouling problem cannot be solved 
if the hull is inadequately protected. Consequently, the ideal 
solution is to devise methods of preventing both evils right from 
the very start. 

Revolutionary methods of dealing with the problem, such as, 
for instance, the prevention of fouling by poisoning all the organisms 
in a docking basin or repelling them by suitable electrical discharges, 
should not be regarded a priori as out of the question, but they are 
essentially matters for the future. For the time being the Sub- 
Committee have considered it wise to study and perfect the existing 
method. Inessentials, this consists in applying a suitable protective 
coating to the steel plates to prevent them from rusting, over which 
in turn a toxic agent is applied to poison any fouling organisms that 
may try to settle on the surface. So far both the protective coating 
and the toxic agent have taken the form of paints, which are 
generally applied by brush, spraying not being in great favour in 
dockyards, for various reasons. Tt should not be assumed that this 
state of affairs will continue indefinitely. It can, for instance, be 
envisaged that at some time in the future new construction will 
receive a single coat of vitreous enamel or plastic material, sprayed 
on and stoved in position, with such suitable mechanical and other 
properties that it will form a protective coating lasting the life-time 
of a ship. So far as the prevention of fouling is concerned, it would 
already be possible, should such a course be considered. desirable, 
to apply a thin sheath of metallic copper all over the hull. Admit- 
tedly these are flights of fancy, but it has to be remembered that 
present methods of dealing with the problem are largely governed 
by what is practicable under the existing methods of construction 
and maintenance. It is possible that one result of the introduction 
of prefabrication methods will be to increase considerably the range 
of protective coatings that can be applied to ships’ plates, since it 
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will be possible to undertake the work in sections in the shops, 
instead of having to tackle the whole hull at once. 

For the present, however, attention must be concentrated on the 
usual painting schemes, consisting of anti-corrosive (or protective) 
compositions followed by a final coat (or coats) of anti-fouling 
composition. There is plenty of scope for investigation here. 
The production of satisfactory paints is still very largely an art, 
no doubt partly because the raw materials of the paint trade, apart 
from pigments, are in the main complex organic substances of 
natural or synthetic origin, the properties of which are still im- 
perfectly understood. The majority of ships’ bottom compositions 
used in Great Britain are proprietary brands, the precise formula- 
tion of which is known only to their manufacturers. These brands 
vary considerably in performance—often for the good reason that 
they are intended for different types of service. This has the dis- 
advantage that by buying compositions on the general reputation 
of particular manufacturers the user by no means ensures that he 
obtains even the best of the available paints for his particular 
purpose. 

The immediate object of the Sub-Committee is, therefore, to 
establish, by experimental enquiry, formulations and specifications 
for ships’ bottom compositions, both protective and anti-fouling, 
the suitability of which for use under given conditions will have been 
demonstrated by experimental test. It should be made clear that 
by “ formulations ”’ is understood not only precise details of chemical 
composition but such further information concerning physical con- 
stants of medium, pigment and anti-fouling materials, &c., as may 
be required to enable any qualified manufacturer to produce the 
materials successfully. 

The necessary investigations to this end may be considered under 
two heads : (a) protection, (b) anti-fouling. 

(a) Protectton—Compared with the prevention of fouling, the 
protection of a steel plate immersed in sea water against rusting by 
means of paint should be a simple problem. Its solution will 
probably be found to lie in combining a pigment with the requisite 
degree of inhibitive properties with an impermeable medium that 
is not hydrolysed or attacked by the slightly alkaline conditions of 
exposure to sea water. 

Other problems of equal importance are the adhesion of the 
protective paint to the steel surface and the adhesion of the anti- 
fouling composition to the protective paint. The former will 
depend on the state and preparation of the steel surface, which in 
turn involves a study of the effect of the surface condition of the 
steel at the time when the paint is applied. Adhesion, or compati- 
bility between the protective and anti-fouling compositions, can be 
dealt with by paying due regard to the formulation of both paints. 

(b) Anti-Fouling—The anti-fouling problem is a most interesting 
field of study, since its solution calls for the combined resources of 
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biology, organic chemistry, paint technology, metallurgy and other 

sciences, whilst when applying any such solution to practical ends 

due consideration must be paid to the requirements of naval 

architecture, shipping routine and economics. Methods of attack 

“its be discussed later in this Report; they may briefly be recorded 
Ere, 


(i) It is first necessary to establish what types of organisms 
are responsible for the fouling of ships under practical conditions. 

(ii) The life-cycle of these organisms should be studied 
together with the sequence in which they establish themselves 
on a fouled surface, with a view to ascertaining how and when 
they are most susceptible to attack by poisons or repellants. 

(iii) The effects of different poisons (toxins) on the individual 
organisms should be determined, with a view to selecting those 
toxins that are most effective in the case of the particular 
organisms that are responsible for the bulk of the fouling. 


All these are matters for the marine biologist. In addition : 


(iv) A search should be made for new and better toxins. 
Here the organic chemist should play an important part for two 
reasons: first, the toxins now commonly employed in anti- 
fouling paints are in the main oxides or simple compounds of 
arsenic, copper and mercury, the toxicity of which per unit 
weight of metal is well established or at least has a limiting 
value. The most promising source of compounds of higher 
toxicity is to be found in the field of organic chemistry. 
Secondly, two of the toxic metals, copper and mercury, 
particularly the latter, are expensive and, in wartime at least, 
in short supply. Since high concentrations of these are 
necessary to secure immunity from fouling under the worst 
conditions, it is most desirable to develop satisfactory sub- 


stitutes for them. Here again the natural resort is to organic 
chemistry. 


Finally the paint technologist and the physical chemist come into 
the picture, as follows : 


(v) When the type of fouling organisms and the nature and 
the time of the attack to be made on them have been established, 
when the best toxins have been found, there remains the 
problem of so incorporating the toxins in a paint that their 
efficiency remains unimpaired, not only in the freshly-applied 
paint film but in the same film after it has been exposed to the 
rigours of the sea for several months (obviously the longer the 
better). The requisite formulation of the anti-fouling com- 
position involves a delicate balance between medium, pigment 
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and toxin, necessitating for its most successful accomplishment 
the physico-chemical study of such phenomena as the diffusion 
of both water and toxins through the paint film, the de- 
gradation of the film and the surface reactions between the 
toxins and the sea water. 


A few words may be added to explain what is meant by “ due 
consideration to the requirements of naval architecture, shipping 
routine and economics.” The implication is that any solutions of 
these problems ultimately reached must be capable of application 
under the practical conditions prevailing at present; there is a vast 
difference between applying a process satisfactorily to a small steel 
plate exposed on a raft and to a 10,000-ton ship in dry-dock. The 
methods of assembly used in naval architecture affect the problem ; 
for instance, the use of welding renders it undesirable to paint 
the edges of plates before they have been fixed in position. 
Shipping routine, too, makes certain obvious demands; clearly, no 
process involving delay in dry-dock would be enthusiastically 
received. Lastly, economic considerations must remain the final 
criterion, since it is obvious that the cost of any process suggested 
must bear a favourable relationship to the benefits accruing from 
its use. 


Contents of this Report. 


The earliest experimental work of the Sub-Committee was 
undertaken in collaboration with the Admiralty Corrosion Committee 
and consisted in comparative trials of various proprietary naval 
compositions. These trials took the form of raft tests on specimens 
of painted ships’ plate exposed at Plymouth and Caernarvon. 
Raft tests, under the care of Dr. J. C. Hudson, are now playing an 
important part in the development and testing of paints of known 
composition as part of the Sub-Committee’s systematic search for 
reliable compositions of stated formulation. It will be convenient 
to consider the various series of raft tests together and they form 
the subject of Section B, which follows the present introductory 
Section A. 

Section C is devoted to a description of the anti-fouling investi- 
gations proper, with particular reference to the biological line of 
attack, which are being conducted by Dr. J. E. Harris. This should 
be regarded as an interim statement, mainly intended to indicate 
the directions in which the researches are progressing rather than to 
set out in detail the results so far achieved. 
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Section B.—Raft Tests.! 


By J. C. HUDSON, D.Sc. (Orrictan INVESTIGATOR). 


Part I.—INTRODUCTION. 


The Sub-Committee’s earliest series of raft tests on ships’ 
bottom compositions were concerned with comparative trials of 
proprietary paints, undertaken at the request of the Admiralty. 
In many cases the compositions of these paints were unknown, 
except in so far as they could be ascertained by analysis. It is not 
permissible in a Report such as this to refer to proprietary brands 
by name; in any case such reference would serve no useful purpose, 
since it cannot be assumed that the composition of any given brand 
remains constant. Consequently no attempt will be made here to 
compare the products of rival manufacturers. The method of 
approach will be rather to consider the results as a whole and to 
deduce from them such generalisations as may bear usefully on the 
more constructive scientific work of the Sub-Committee to which 
these earlier tests have given rise. 

In brief, this later work has the object of establishing the 
formulations of compositions, both protective and anti-fouling, that 
will be purchasable to specification and have a performance in 
service equal to or better than the present run of commercial 
compositions. This involves tests on numerous paints of known 
composition, specially prepared for the purpose. In conjunction 
with this work studies have been undertaken of the effect of the 
surface condition of the steel and of other variables on the adhesion 
and behaviour of ships’ bottom compositions. This knowledge is 
necessary to ensure that maximum performance is obtained from the 


+ Received November 6, 1942. 
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compositions, and is of particular importance in the case of new 
construction. 


TABLE I.—Summary of Raft Tests to Date (September, 1942). 


Series. |Date Commenced. Station. Nature of Tests. ie er 
mens. 
I. | March, 1940 | Plymouth Proprietary compositions 72 
II. | May, 1941 Caernarvon a a 96 
III. | July, 1941 re Paints over metallic coatings, 24 
&e. 
IV. | Jan., 1942 = Effect of surface condition 106 
VE ee ss New-type protective paints 12 
(Dr. U. R. Evans) 
WAR rr * Formulated compositions 42 
(Paint Research Station) 
VII. | Sept., 1942 53 Formulated protective compo-| 188 
sitions. Effect of pigment. / 
es * New-type paints (Dr. U. R.| 12 
Evans) 
as ss aS Effect of surface condition 54 
Til. a! ~ Paints over metallic coatings, 10 
&c. Repainted 


The various series of tests that have been undertaken to date are 
summarised in TableI. They will be considered in order, as follows: 


Part II.—Experimental Procedure. 

Part III.—Series I. and II. Tests on Proprietary Compositions 
at Plymouth and Caernarvon. 

Part IV.—Series IV. Effect of Surface Condition. 

Part V.—Series V. New-Type Protective Paints (Dr. U. R. 
Evans). 

Part VI.—Series VI. Compositions Formulated by the Paint 
Research Station (Dr. L. A. Jordan). 

Part VII.—Immediate Experimental Programme. 

Part VIII.—Series VII. Effect of Pigment in the Protective 
Paint. 

Part IX.—Other Test Series. 


It should be noted that Series III. (paints over metallic coatings) 
is not dealt with in the correct numerical sequence ; the tests con- 
cerned are discussed in Part IX. (other test series). 

The preparation, inspection and final examination of the speci- 
mens for this experimental programme has involved much work, 
the magnitude of which may be gauged from the facts that painting 
and immersion alone at the testing station involves 2:9 man-hours 
per specimen and the full complement of the Caernarvon rafts is 
now 348 specimens. The successful accomplishment of this con- 
siderable undertaking has been rendered possible by poskne the 

1943—i A 
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resources of several laboratories and, in particular, by the enthusi- 
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portend aa N oe Admiralty Metallurgical Laboratory, 


. Emsworth. 
d Mr. A. Partington . - ' 
Mr. 1 F. Goodier % A . Paint Research Station, Teddington. 
Mr. F. G. Dunkley, Mr. D. G. oe Laboratory, L.M.S. Railway 
Soar and Mr. F. D. Timmins . Research Department, Derby. 


Thanks are also due to Dr. W. R. G. Atkins, F.R.S., who kindly 
undertook the inspections in the Plymouth tests, and to Dr. J. E. 
Harris, who assisted with the earlier inspections at Caernarvon. 


Part II.—ExPERIMENTAL PROCEDURE. 


Apart from minor modifications, introduced as a result of 
experience, the experimental procedure in all tests has been as 
follows : 


(1) Specimens. 

The specimens used are of ordinary ships’ plate quality steel, 
sawn or sheared to size 15 in. X 10 in. The thickness in the 
earliest series was $ in.; this has since been reduced to} in. The 
edges and corners are rounded. All tests are made in duplicate. 


(2) Surface Preparation. 


The surface preparation of the steel before painting varies 
according to the nature of the tests. For instance, in series I. both 
specimens were pickled in cold 5% (by volume) hydrochloric acid, 
the standard Admiralty procedure, but in series II. one specimen of 
each pair was repainted over old paint. In later series, various 
weathering and temporary protective treatments have been used. 


(3) Painting. 


With few exceptions, all painting schemes tested consist of two 
coats of anti-corrosive and one coat of anti-fouling composition, 
v.e., three coats in all. All specimens are painted by hand under 
cover, using 2-in. bristle brushes, except where special methods are 
necessary. The atmospheric temperature and relative humidity 
at the time of painting are noted, but no effort is made to control 
them. The weight of each coat of wet paint is determined and in 
the case of the anti-corrosive coats that of the dry paint film also. 
As a rule, the amount of paint applied is left to the discretion of the 


painters, who endeavour to put on a reasonable and adequate 
coating. . 
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Painting is conducted according to a pre-arranged schedule, 
which allows for 24 hr. at least between successive coats and for a 
stipulated interval, not less than 4 hr. and usually about 6 hr., 
between the application of the anti-fouling composition and 
immersion. 

In some tests, a small area or “‘ holiday,” generally a square of 
i in. side, is left unpainted on both sides of a specimen. This is done 
to ascertain how far the corrosive attack of the sea water is concen- 
trated at the bare areas; the result depends on the nature of the 
paint protecting the remainder of the surface and varies from one 
painting scheme to another. 


(4) Hauposure. 


The method of exposing the specimens is shown in Figs. 13 and 
14. The specimens are bolted to the frames by steel bolts, which 
pass through insulating sleeves of Bakelite composition. When in 
position the specimens are immersed vertically at a depth of approxi- 
mately 18-24 in. to the top edge of the specimens. Recently, 
double frames have been introduced, carrying a second row of 
specimens 18 in. below this. The conditions of immersion thus 
resemble those of ships’ plates two or three feet below the light-load. 
line. The clearance between adjacent frames is now approximately 
1 ft. 5 in. and was rather greater in the earlier test series. 

Two rafts have been used. The first was built for the tests at 
Plymouth by the Constructive Department, H.M. Dockyard, 
Devonport, and was 36 ft. x 22 ft. overall. It was made of 12-in. 
square baulks, which gave the necessary buoyancy. During the 
tests the raft was moored just inside the breakwater at the entrance 
to Plymouth Sound. 

The second raft (Fig. 14), in use at Caernarvon, was purchased 
by the Sub-Committee when it became impracticable to continue 
tests in Plymouth Sound. The design is similar to that of the 
Admiralty raft, save that buoyancy is mainly obtained from drums, 
and fairweathers 1 are fitted fore andaft. The full complement of the 
Caernarvon raft is 300 specimens, carried on 25 single and 25 double 
frames. 

The Caernarvon raft is moored in the Menai Straits, just to the 
West of the river mouth at Caernarvon, in a depth of water of 3-4 
fathoms at low water, ordinary spring tides. The spring tidal rise 
ig about 16 ft. The tide is about 14-25 knots at neap tides and 
34-5 knots at spring tides, but the raft is not in the main tideway. 
~ Tés axis lies approximately N.E. to S.W. 

In order to permit of the beaching of the exposure raft for 
cleaning and overhaul, a smaller subsidiary raft has been built, to 
which specimens are transferred for the relatively short period 
required. This smaller raft can be used, during the periods between 


1 Not shown in the photograph. 
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the overhauls, to carry 48 specimens, which are exposed in the same 
manner as the others. 

To minimise any positional effects over the raft, of which slight 
evidence has been observed at times, care is taken when allocating 
the specimens to the frames to ensure that each member of a pair 
is in a different half of the raft. Otherwise, so far as is practicable, 
the allocation of the specimens is at random. 


(5) Inspections. 


Inspections are generally made at intervals of about 4-6 weeks. 
The frames are lifted in turn and the condition of each specimen is 
noted. Records of the fouling and the physical deterioration of the 
paint film are kept separately for the front and back. Standard 
forms are used. 

Items, such as fouling (slime, weed, shell, &c.) or chalking of the 
paint film, which cannot be assessed on a strictly quantitative basis, 
are expressed as grades, ranging from | to 7, each of which has an 
agreed significance. Flaking, blistering and rusting are returned 
as the percentage of the total area that is affected by each particular 
defect. : 

Assessment is often rendered difficult by the fact that premature 
failure occurs at the edges of the specimens. This may be associated 
with the shearing or sawing of the plates. The expedient of adding 
an additional preliminary coat of protective composition in the form 
of a narrow band round all edges has been tried but does not over- 
come the difficulty. Consequently, in the latest tests, inspections 
have been made through a mask, covering a border about 1 in. wide 
all round the edges. 

The system of grading used is only a convenient form of recording 
and correlating the observations; in order to render them readily 
intelligible to the general reader they will be converted, where 
possible, into terms of the useful life of the composition concerned. 
By this is understood the duration of immersion until failure occurs, 
v.e., the stage is reached at which repainting would be degirable under 
practical conditions on a ships’ hull. The grades or combinations 
of grades representing this condition were agreed on at an inspection 
of the Caernarvon specimens made by the Sub-Committee as a body 
in September, 1941. 


(6) Final Examination. 


All tests are quantitative, i.e., the specimens are weighed at all 
stages of preparation. After exposure, fouling is removed at the 
exposure station, before the specimens are returned to the laboratory. 
Here, they are cleaned by bristle brushes under running water, 
dried and reweighed. Then the surface is examined and the 
percentage of intact paint left is determined. If no repainting test 
is to be made, the residual paint is often removed by treatment 
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with caustic soda solution; this enables the weight of steel lost by 
corrosion to be determined directly. 

Notes are taken of the positions and depths of any pits and of the 
depth of penetration at any holidays. 


Part I]].—Sertss I. anp II. TxEsts on PROPRIETARY 
COMPOSITIONS AT PLYMOUTH AND CAERNARVON. 


Two series of tests on proprietary compositions have been made. 
The first was begun at Plymouth in April, 1940, and the second at 
Caernarvon in May, 1941. For both tests, twenty-three firms of 
paint manufacturers submitted samples at the invitation of the 
Admiralty; in some cases more than one set of samples was sent, 
whilst the Sub-Committee added a few paints of their own at 
Caernarvon, with the result that the total number of painting 
schemes tested at Plymouth was 35 and at Caernarvon 47. T'wenty- 
three schemes were common to both series. Single sets of bare 
pickled steel specimens were immersed alongside the painted ones, 
bringing the total number of specimens to 72 at Plymouth and. 96 
at Caernarvon. 


(a) Huperimental Detarls. 
(1) Plymouth. 


The 35 three-coat painting schemes were applied to duplicate 
specimens of freshly pickled steel; holidays, 4 in. square, 
were left on both surfaces of one specimen of each pair. The 
specimens were immersed on March 19-20, 1940. Monthly inspec- 
tions were made in April and May, but owing to emergency conditions 
at Plymouth no further inspection was possible until October, 1940, 
when the raft was towed back to the Dockyard. A final inspection 
in position was then made before the specimens were removed ; 
they had been immersed for 29 weeks. 


(2) Caernarvon. 


The old Plymouth specimens were used again at Caernarvon. 
At the conclusion of the Plymouth test the paint had been 
stripped from the specimens with the holidays; the duplicates 
had been cleaned only, leaving on any adherent paint. Prior to 
repainting at Caervarvon, the first specimen of each pair was given 
a light repickle in warm dilute sulphuric acid, so as to produce a 
clean metallic surface; in the other case the new paint was applied 
directly over the old after this had been lightly wire-brushed. 
Holidays were again left on both surfaces of the pickled specimens ; 
these did not coincide with the old ones, which were painted. over. 
The additional 24 specimens required, as compared with the 
Plymouth tests, were obtained from dummy specimens which had 
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been painted with three coats of naval compositions and immersed 
alongside the specimens proper at Plymouth for several months. 

The specimens were immersed on May 12-14, 1941, and were 
inspected regularly at intervals of 4 weeks. In November, 1941, 
after 26 weeks’ exposure, 80 of them had deteriorated so badly that 
they were removed together with the 2 unpainted specimens. The 
test on the remaining 14 specimens\was continued until July, 1942, 
when they had been immersed for 62 weeks. 


(b) Formulation and Consistency of the Paints Tested. 


(1) Formulation. 


All compositions tested were analysed either by the Principal 
Chemist, H.M. Dockyard, Portsmouth, or by the London and 
North-Eastern Railway Laboratory, Doncaster. The general fre- 


TaBLeE II.—Constitution of Proprietary Ships’ Bottom Compositions : 
Media and Pigments. 


leg Media. Pigments. 
T Frequ- 
TRE: ency. %,. Type. 
Resin-oil 4 ‘s : 53 Red iron oxide . : : 
Resin : : $ A 22 Red iron oxide, extended with 
Resin-oil-bitumen . - 1l whiting or barytes . : 
Resin-wax 4 : F 5 Red iron oxide + zine oxide. 
Bitumen-oil . : : 5 | Zinc sulphide white composite 
Chlorinated rubber . = 4 pigment (zinc oxide + zinc 
sulphide -++ barytes) . s 
Zine oxide, alone or extended 
with barytes 
, Aluminium powder 
Miscellaneous mixtures 
None, other than toxins 
§ Total . : = eLOG Total | 


1 Other than toxins. 


* For instance, zine dust, white or red lead, calcium sulphate or phosphate, 
alone or in combination with each other or the other pigments. 


quency of the use of various types of pigments, media and toxins, 
which is of interest as representing present commercial practice 
in the formulation of ships’ bottom compositions, is indicated in 
Tables II. and HI.; in the former both protective and anti-fouling 
compositions are included. 

Resin-oil media are by far the most common and are used in more 
than half of the compositions. Bitumen enters into 16% of them 
but chlorinated rubber is present in only 4%. Red iron oxide 
and zinc oxide are the most popular pigments and are major. 
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constituents of 80° of the paints. The toxin contents and the 
nature of the toxins used in the anti-fouling compositions vary 
widely and range from a minimum content of 5-0% to a maximum of 
51%; these figures are the total percentage of the usual metallic 
toxins based on copper, mercury and arsenic, expressed as Cu, Hg 
and As,O3. In addition to these, a few compositions contain 
organic toxins, the use of which will probably extend. The overall 
average toxin content of all compositions tested was Cu 12-4%, 
Hg 4:8%, As,O, 5:3%. 


TasiE III.—Toxin Contents of Proprietary Ships’ Bottom 
Compositions. 


Frequency. 


Mercury (Hg), %— 


Copper (Cu). %. 


<5. 5-9. 10-14. 15-19. 


15 +: 1 2 

16 7 505 ae 23 
7 8 il 16 

16 7 456 3 26 
3 7 1 1 12 

aa 3 ety Sac 3 

57 36 2 5 100 


1 Arsenic was also present in 67% of the compositions, in amounts ranging 
up to 30:0% (calculated as As,Os). 


Surveying these results as a whole, it is clear that there is much 
divergence of opinion between individual paint manufacturers as 
to the desirable constitution of ships’ bottom compositions, particu- 
larly as regards medium and pigmentation—the toxin content is 
largely determined by the permissible selling price. It is desirable 
to eliminate this uncertainty and reduce ships’ bottom compositions 
to a few tested formulations of known performance, incorporating 
the best combinations of medium, pigment and toxins. 


(2) Consistency. 

No attempt was made to control the weights of the various 
compositions applied to the specimens ; they were used exactly as 
supplied by the manufacturers. There were striking variations’ in 
the consistency of the different samples, and it is fair to state that 
between one-quarter and one-half of them were not in the optimum 
consistency for application by short-handled brushes; a few were 
too thick, but more were too thin. After making due allowance for 
the facts that compositions for application by long-handled strikers, 
as in practice, need to be of thinner consistency than if they were 
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brush-applied, and that some paints may have thickened in storage, 
the conclusion remains that either insufficient attention has been 
paid to the question of consistency or that views on what is desirable 
vary considerably. 

This variation in paint consistency is illustrated in Table IV., 
which gives the weights of dry paint, total for three coats,* (a) for 


Taste [V.—Series I. and II. Proprietary Compositions. Analysis 
of Coating Weights. Total Dry Paint (Three Coats). 


Number of Schemes. 
Ge es All Schemes. 23 Schemes only. 
Plymouth. Caernarvon. Plymouth. Caernarvon. 

0-3—0-4 4 8 3 
0:4-0:5 6 12 4 
0-5-0:6 5 8 3 
0-6-0-7 10 5 6 
0-7-0:8 4 2 2 
0-8-0-9 3 1 3 
0-9-1-0 1 1 1 
>1-0 2 6 1 


all the painting schemes at Plymouth and Caernarvon, respectively, 
and (b) for 23 painting schemes, that, except for a variation in one 
coat in a few cases, were of substantially the same formulations at 
Plymouth and Caernarvon. The overall variation in coating weight 
was from 0:37 to 2-03 oz. per sq. ft. at Plymouth and from 0-33 to 
1-53 oz. per sq. ft. at Caernarvon.? The average value for all paints 
was less at Caernarvon than at Plymouth. This difference is 
probably connected with the personal element, since the respective 
pairs of painters were not the same, rather than with the prevailing 
temperature, which ranged from 48° to 60° F. at Plymouth and from 
45° to 57° F. at Caernarvon. 

The variation in the thickness of the paint films is less pronounced 
than is indicated by the coating weights, since these are affected by 
the marked differences in the specific gravities of the pigments used. 
Approximate calculations show that, in the case of nine painting 
schemes for which the necessary data are available, the total 
thickness of the two anti-corrosive coats varied from 1-1 to 3-3 mils. 
These values are lower than is common for paints used for atmo- 


' The weights of the two anti-corrosive coats are determined directly; 
that of the anti-fouling coat is calculated from the observed weight of wet 
composition applied and the analytical figure for the percentage of non-volatile 
matter, allowing 5% loss on painting. : 

* The maximum figures refer to compositions brushed on cold; they were 
exceeded in the case of a composition formulated for hot-application. 
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spheric work or for compositions applied to ships’ hulls under practical 
conditions (see Section B, Part III.(j)). The main reason is that, 
owing to the high percentage of volatile solvents in marine paints, 
sometimes 40° by weight or more, it is difficult to apply thicker 
coats when using 2-in. brushes. 

Although film thickness is a function of the brushability of a 
paint, which in turn is largely determined by the constituents (e.g., 
lamellar pigments will tend to brush out better and give thinner 
films than non-lamellar ones), wide variations in film thickness from 
one paint to another, insofar as they may arise from non-optimum 
use’ of thinners or other controllable variations in formulation, are 
undesirable, particularly in comparative tests on proprietary 
products. It is probable that several of the samples included in 
these tests would have given much better performance had they not 
been excessively thin. In general terms, provided that drying 
properties are not unduly sacrificed, the thicker the coating that can 
be applied in one operation the better. Some indication of the 
effect of coating thickness may be gathered from the data given 
in Table V. Here, owing to the personal factor, there was a 


TapLE V.—Series IV. Caernarvon. Effect of Coating Weight on 
Protective Properties. 


Painter X. Painter Y. 
Number of 
. Specimens 
Paint. Average Total Average Total 
Coated by erag ered 
Bach Painter. Se eee oe Rust. %. ih Sa ey Wichy | ieanane %, 
Oz. per sq. ft. Oz, per sq. ft. 
A 25 0:83 2:7 0:74 3-9 
P. 18 1-05 4-7 0-91 5:9 
C 9 1:10 0-11 0:92 0-13 
B 4 1:49 0-30 1:38 0-10 
D 3 0-71- 3:9 0:62 3-0 


systematic difference between the weights of paint applied to 
duplicate specimens by different painters. As the test proceeded, 
inspection showed that the specimen with the heavier coating was 
usually the better of each pair. The figures given refer to the 
average percentage of rust observed on the specimens after 20 
weeks’ immersion. The thicker coatings have given better results 
for the poorer paints A and P, whilst paint C resists corrosion 
sufficiently well even in the thinner film to prevent any difference 
from being apparent. The anomaly in the cases of paints B and D 
is probably due to the number of specimens being too small for 
accurate comparison. It should be added that steps are taken in 
the Sub-Committee’s tests to reduce the effect of such personal 
factors on the results to a minimum. 

_ In view of these observations it is desirable that some study be 
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devoted to establishing the optimum consistency of ships’ bottom 
compositions, with due regard to differences in type and to practical 
conditions of application in dry-dock. The Sub-Committee propose 
to conduct suitable experimental work to this end. 


(c) Observations During Exposure. 


The following is a brief account of the development of fouling 
and rusting observed during the periods of immersion. 


(1) Plymouth. 


During the first two months, May and June, fouling was confined 
almost exclusively to slime and weed, but at the final inspection 
after 29 weeks most of the specimens were appreciably fouled by 
alge, hydroids and shell (see Fig. 15). The shell was confined to 
mussels and calcareous worms. No barnacles were present. On 
some specimens ascidians were observed. In many cases the heavy 
fouling was associated with marked breakdown of the paint film, the 
protective composition or even the bare metal being exposed as a 
result of severe flaking. 

Blistering, cracking or flaking of the paint film was evident on 
some of the specimens after two months’ exposure; in the worst 
case more than 50% of the paint had flaked off. This deterioration 
of the paint had reached an advanced stage on many specimens when 
the tests were concluded after 29 weeks’ exposure. Rusting was 
evident in numerous cases and was particularly noticeable at 
holidays which had been left on one specimen of each pair; here 
the rust deposit over these areas was often more than 2 in. thick. 


(2) Caernarvon. 


Breakdown of the worst painting schemes occurred rapidly and 
rust was evident on some specimens at the first inspection after 4 
weeks; 80% of the specimens had reached or passed the point of 
failure, either by rusting or by fouling, after 26 weeks’ immersion, and 
they were removed then. 

Owing to more frequent inspections, it was possible to study 
the development of fouling in greater detail than at Plymouth. 
The following are the chief features of the observations. 

(i) Types of Fouling—All types of fouling occurred, weed, 
hydroid and shell, including barnacles, calcareous tubeworms and 
mussels, as well as slime composed of microscopic and animal types. 
On the more badly fouled specimens ascidians, polyzoa and sponges 
were also found. All the foregoing are taken into account when 
assessing the performance of a painting scheme, except slime. 

_ These remarks may be illustrated by the photographs reproduced 
in Fig. 16, which show the appearance of specimens painted with 
two of the best schemes at the time of their removal after 62 weeks’ 
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immersion; the fouling is patchy and an appreciable area is still 
unaffected in both cases. 

(ii) Seasonal Effect—The different types of fouling did not 
develop simultaneously, as will be clear from Fig.1. Weed developed 
throughout the whole period, but hydroids were first observed at 13 
weeks. The development of shell fouling was anomalous. It 
settled on the specimens late in the season, the maximum occurring 
in October, just before the last inspection. Probably the test did 
not start early enough to include the first heavy fouling by certain 
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Fra. 1.—Series II. Caernarvon. Seasonal variation of fouling by weed 
(grass), hydroid and shell. 


species, since it was noted that parts of the raft were heavily fouled 
with barnacles when the specimens were exposed on May 12. 
Sporadic settlement of shell went on throughout the whole test period. 

(iii) Hffect of Light—Plant fouling (weed and most of the slime) 
develops most rapidly in light situations, whereas animal fouling 
(shell and hydroids) tends to develop in darker positions. This 
difference was reflected in the experimental results. It was found, 
as shown in Table VI., that the specimens carried relatively more 
weed fouling and relatively less animal fouling on their 8.H. than 
on their N.W. surfaces, which received less sunlight than the former. 
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(iv) Positional Effect—As all specimens are duplicated in 
different positions, the effect of position, if any, on the final 
results is minimised. One gross positional effect was, however, 
noted in August, 1941. The weed fouling on the specimens in the 
second bay of the raft decreased during the period July 9 to August 
13, whereas that on the specimens in the third (centre) and fourth 
bays increased, though less than was expected. Two factors may 


TapLE VI.—Series II. Caernarvon. Effect of Light on Fouling. 


Total Fouling. Arbitrary Units. 


Surface Facing 


Weed. Hydroids. Shell. 
PN Wied be aoe een 768 398 235 
| S.E. : ; 


909 295 185 


have influenced this result; both depend on the effect of the tidal 
current, which runs 8.W. during the falling tide and N.E. with 
the rising tide. The falling tide brings down much floating weed 
and other debris. This accumulated in the first (N.E. end) bay 
of the raft, and in July, when the weather was very stormy and the 
amount of drift weed correspondingly increased, the debris en- 
croached even on the second 
bay. Since the accumulation 
of debris at the S.W. end was 
derived from a tidal current 
coming in from the open sea, 
it was much less and was con- 
fined to the end bay. 

These mats of debris shield- 
ed the underlying specimens 
from the light and therefore 
killed the weed on the panels, 
or at least reduced its rate of 
growth. In addition, weed may 
be removed by the scouring 
action of the current, which in 
stormy periods carries consider- 
able amounts of sand. The 
effect of both these factors is 
reflected in the results shown in 
Fig. 2 for the seasonal variation 


Fouling. Arbitrary Units. 


Nov. 8 
4 8 13 /7 26 


Duration of Exposure. Weeks. 


Fie. 2.—Series IIT. Caernarvon. Effect 
of position in the raft on weed fouling. 


1 It will be seen from Fig. 14 that the raft has five bays. 


the three middle bays were used. 


in weed fouling in each of the 
three bays. 


It should be added that 
In these tests 
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these observations were made before fairweathers were fixed to 
both ends of the raft at the end of 1941. These have largely 
eliminated these disturbing effects of the tidal currents. 


(d) Reproducibility of Results. 


The main object of the tests was to classify the proprietary 
compositions concerned in order of merit. This was done and, on 
the basis of their performance, the compositions were graded into 
categories “‘ Very good,” ‘‘ Good,” “‘ Moderate’’ and “ Bad,” as 
regards (a) general behaviour, (b) anti-fouling properties alone and 
(c) protective properties alone. Details of the classification cannot 
be given, but it is of interest to note that the orders of merit deduced 
from each series of tests considered separately were substantially 
the same. This is illustrated by the results in Table VII., where 


TaBLE VII.—Series I. and II. Comparison of the Gradings 
(General Performance) at Plymouth and Caernarvon. 


“Sasa, I 
Plymouth. Grading at Caernarvon, 
A Number of 
Grading. sanarnicas Very Good. Good. Moderate. Bad. 

Very good 1 1 oe 
Good . + 1 1 2 
Moderate é 5 eee 1 2 2 
Bad 5 : 4 13 1 ute So 12 


the general classifications at Plymouth and Caernarvon are com- 
pared for 23 painting schemes that were essentially the same in 
both series.1 At Plymouth ten schemes were graded as moderate 
or better; of these, eight were also graded as moderate or better 
at Caernarvon. On the other hand, only one scheme rated as bad 
at Plymouth was in the ranking list at Caernarvon, actually as 
very good; this difference could legitimately be attributed to the 
fact that the sample used at Caernarvon was of much thicker 
consistency and gave a much heavier coating. 

Further evidence will be given later to support the conclusion 
that raft tests of this type are sufficiently reproducible for practical 


purposes. 
(e) Lffect of Repainting. 
In the Caernarvon tests, all painting schemes were applied both 


to freshly pickled steel and over old paint. The lives to failure 
were estimated separately for each type of surface. A summary 


1 Twelve of the 35 proprietary compositions exposed at Plymouth either 
were not retested at Caernarvon or their formulation was altered substantially. 
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TasLe VIII.—Series II. Caernarvon. Lives of the Painting 


Schemes. 
Number of Schemes.! 
Life. Weeks. ; 
Repainted Pickled ae tr ie 
Specimens. Specimens. Fouling only.? | 
56-60 4 $ 1 2 
51-55 : é 1 as 
46-50 i 1 
41-45 1 2 1 
36-40 ob Hes + 
31-36 Are ats Ane 
26-30 F 2 2 1 
21-25 7 4 6 
16-20 4 3 2 
11-15 14 1G | 12 
6-10 6 13 2 
1-5 2 8 2 


1 The total is 43, the other four sets being those in which the drying 
period in air of the anti-fouling composition was varied from the normal (see 
Table XI.). 

2 Excluding cases of failure by rusting. 


of the results is given in Table VIII. This shows distinctly that the’ 


performance of the compositions as a whole was better on the 
repainted specimens. The average life on pickled steel was 10-7 
weeks, as compared with 16-2 weeks on repainted surfaces. As 
will be seen from Table IX., the ratio of the life over the old paint 


TaBLE IX.—Series II. Caernarvon. Ratio of Lives of 
Compositions on Repainted and on Pickled Steel. 


Ratio. % oo Ratio. %, pre 
< 50 é zi 1 151-175 
51-75 f 5 : 2 176-200 
76-100. : . 10 201-225 
101-125. S : 5 226-250 
126-150° . 5 2 >250 


to that on pickled steel exceeded 100% for 30 of the 43 painting 
schemes; also, the ratio varied considerably, in conformity with the 
fact that several of the worst painting schemes at Plymouth gave 
improved results in relation to the others when applied over old 
paint at Caernarvon. 

The cause of failure differs markedly for the two types of surface, 
as shown in Table X. Of the repainted specimens coated with 
schemes ranked as moderate or better, 26 surfaces failed by fouling but 
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only three by rusting. For pickled surfaces the position was 
reversed, 14 failures being due to fouling and 18 to rusting. The 
specimens coated with bad schemes show the same general tendency. 

These facts have an important bearing upon the interpretation 
of raft test results. It is clear that the behaviour of an anti-fouling 
composition is profoundly affected by that of the protective 


TaBLE X.—Series II. Caernarvon. Causes of Failure of 
Compositions. ; 


Number of Surfaces. 


. Cause of Failure, 


Repainted Specimens. Pickled Specimens. 


Rusting. 


Fouling. Rusting. Fouling. 


Moderate or better . 26 3 14 
Bad é - : 5 304 234 17 
All surfaces . - : 564 264 31 


1 Three repainted surfaces did not fail within the test period. The 
“ halves’? result from the fact that one surface failed simultaneously by 
fouling and by rusting. 


composition beneath it, and that, unless the latter confers adequate 
protection to the basis steel, full justice may not be done to the 
properties of the anti-fouling coat. Further, it may be postulated 
that the performance even of an indifferent protective scheme will 
improve as a thick film of paint is built up on the plates by successive 
repaintings. Coupled with this is the fact that in normal times 
ships may be in commission for twenty years or more, with the 
result that repainting over thick old paint is much more common 
than painting over bare or comparatively bare steel. Consequently, 
the results of these series of raft trials will be taken by ‘the Sub- 
Committee as applying more particularly to new construction 
and the early stages of a ship’s life, when corrosion is most 
frequently encountered. Information concerning the behaviour 
of compositions as applied over old paint on a seasoned ship will be 
sought by means of repainting tests to be undertaken as described 
later (see Section B, Part VII.(d)). 


(f) Anti-Fouling Properties. 


(1) Life of the Anti-Fouling Compositions. 

It is clear from the previous remarks that resistance to fouling 
is best assessed on repainted specimens. For 33 of the 43 1 specimens 
exposed at Caernarvon it was possible to determine the life to 
failure by fouling; the other specimens failed by rusting. These 


1 See Table VIII., footnote No. 1. 
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lives are summarised in Table VIII.; they ranged from 5 to over 
56 weeks and averaged 22-6 weeks. In terms of life under service 
conditions, these figures should be multiplied by some suitable 
factor, say two or three, because the conditions to which raft 
specimens are exposed are more stringent. The timbers and drums 
of the raft soon foul and thereafter act as a source of contamination, 
whilst the deterrent effects on growth associated with high speed 
of motion through the water and often with transit from port to 
the open sea are entirely lacking. 


(2) Effect of Toxin Content. 


The effectiveness of an anti-fouling composition will vary with 
the nature of the toxins employed, their concentration in the paint 
film and the physico-chemical relationship between them and the 


Life of Anti-Fouling Composition. Weeks. 


Toxic Index. 


Fie. 3,—Series II. Caernarvon. Correlation of life of anti-fouling 
composition and toxic index (total toxin units). 


medium in which they are bound. These factors are as yet 
imperfectly understood—indeed they constitute the raison d’étre for 
a major part of the Sub-Committee’s researches—but it is obvious 
that any comparison of proprietary anti-fouling compositions 
should take into consideration the marked variation in their toxin 
contents (see Table III.), coupled with the fact that all toxins are 
not equally effective. Analysis of the results at Caernarvon under 
discussion has shown that mercury is roughly twice as effective as 
copper in preventing fouling, whilst copper in turn is about three 
times as effective as arsenic in the form of arsenious oxide.! 


_} The results of later direct experimental investigations of the matter at 
Millport are reported in Section C, Part III.(a). These lead to the conclu- 
sion that arsenic is almost ineffective as an anti-fouling agent and conse- 
quently that a weighting factor of one-third is excessive. 
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Consequently the toxin contents of different compositions are best 
compared by expressing them in terms of a “ toxic index,” calculated 
by adding together twice the percentage (by weight) of mercury, the 
percentage of copper and one-third of the percentage of arsenious 
oxide. In Fig. 3 the lives of the 33 compositions are plotted 
against the toxic index calculated in this way. It will be noted, 
as showing the wide variation in commercial paints, that the latter 
range from 5 to 53.4 

The points in Fig. 3 show considerable scatter. Several 
compositions give much better performance than would be expected 
from their toxic index. It is probable that at least four of these 
contain organic toxins in addition to the more usual compounds of 
mercury, copper and arsenic. Moreover, anti-fouling behaviour 
must depend not only on the percentage toxin content but also to 
some extent on the actual weight of toxins locked up in the paint 
film. An attempt to take this mass effect into consideration was 
made; the life of the anti-fouling composition was plotted against 
the product of the toxic index and the weight of wet paint 
applied. The correlation, although better than in Fig. 3, was still 
imperfect, no doubt because the important factor is not only the 
amount of toxins present but also the rate at which they are released 
at the exposed surface. 

It may be concluded from Fig. 3 that, in the absence of com- 
pensating factors, such as the presence of organic toxins, it is im- 
. probable that an anti-fouling composition will have a life of 6 months 
under the experimental conditions at Caernarvon, unless its toxic 
index, calculated as above, exceeds 30.” 


(3) Effect of Protective Composition. 


Reference has already been made to the determining effect of 
the protective undercoats. It is essential not only that these shall 
adhere well to the steel base but also that the anti-fouling composi- 
tion shall adhere equally well to them. In some painting schemes 
the anti-fouling coat was partly lost at an early stage; naturally, 
the high toxin content of the remainder did not prevent rapid 
fouling at the areas where the protective paint was exposed. 
Similarly, even if all the coats show good adhesion, rusting under the 
anti-fouling film will rapidly destroy its toxic properties. Many 
fouling organisms can settle on an almost microscopic area of non- 
toxic surface, e.g., a rust spot, and will then continue to grow, even 
if this involves spreading over large areas of an adjacent highly 


1 The paint with zero toxic index was experimental. Ws 3 : 
2 Although the effectiveness of mercury against weed fouling is approxi- 
mately twice that of the same amount of copper, it is not correct to deduce 
that mercury can completely replace copper in an anti-fouling composition, 
With few exceptions, all the compositions tested contained both metals and 
the calculation of a toxic index in the above form 1s permissible. , 
B 


1943—i 
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toxic region. It would be difficult to over-emphasise the importance 
of a good protective system to the successful behaviour of an 


anti-fouling coat. 


(4) Effect of the Interval between the Application of the Anti-Fouling 
Coat and Immersion. 


It is undesirable that an anti-fouling composition should be 
appreciably affected by variations in the drying interval between 
its application and immersion, since the practical conditions of 
painting ships in dry-dock render wide variations in this interval 
inevitable. In order to study the effect of this variable, this interval 
was deliberately varied in the case of two painting schemes. Three 
sets of specimens painted with each were prepared with drying 
intervals of (a) 45 min., (b) 5 hr., the standard interval, and (c) 
194 hr. F 

The results of the test are given in Table XI. Those for scheme 


TaBLe XI.—EHffect of the Interval between the Application of the 
Anti-Fouling Coat and Immersion. 


Life expressed in weeks.} 


Interval be- Scheme A. Scheme B. 
tween the 
Anti-Fouling 
Coat and ; 3 
Immersion, | Repainted. Pickled. Mean. Repainted. Pickled. Mean. 


1 f and r denote failure through fouling and rusting, respectively. The 
values are means for the front and back. rf denotes that the front failed’ 
through rusting and the back through fouling. In all other cases both sur- 
faces failed through the same cause. 


A, the better of the two, are erratic, but it can be said of scheme B 
that the marked variations in drying time have had no effect on the 
(poor) results obtained. 


(g) Protective Properties. 


As will be shown in the following discussion, values for the 
adhesion of the compositions after test, the loss of steel by corrosion 
and the depth of pitting at holidays were reasonably reproducible 
in the two series of tests. It may, therefore, be concluded that 
raft tests give a reliable indication of the protective properties of 
painting schemes. 
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(1) Adhesion of Paint after Test. 


An analysis of the values for the amount of paint adhering to 
the specimens as cleaned after about 6 months’ test at both stations 
is given in Table XII. In many cases the anti-fouling coat had 


TaBLE XII.—Series I. and II. Adhesion of Painting Schemes 


after Test. 
Number of Schemes. 
Bais Adhering 1, 92% peu, Caernarvon; 26 Weeks’ Immersion. 
Immersion. 
Pickled Pickled Repainted 
Specimens, Specimens, Specimens, 
35 in number. 40 in number. 35 in number. 
pak ooh t 
100-91 - 9 5 8 
90-81 3 8 ine 12 
80-71 5 5 8 
70-61 ) 5 3 
60-51 2 2 2 
50-41 1 9 1 
40-31 1 4 aie 
30-21 oer tela 1 
20-11 5 4 50 
10-1 sae 


flaked off locally, either during immersion or as a result of the final 
brushing, so that the figures represent the percentage areas over 
which at least the first protective coat was left intact but not 
necessarily all three coats. The wide differences in the adhesion of 
the painting schemes, 

from less than 20 to /00 
100%, will be noted. In 
most cases good adhesion & go 
was associated with good 5 
protective properties, as 3 
judged by loss in weight, % 
but a few of the paint § 
films had softened during @ 
immersion and were 8 
readily removed by clean-  ~ 
ing, despite the fact that 
little corrosion had _oc- 


curred; probably these 1-—z5 — 60 70 BO 8000 

were near the end of their Plymouth. Adhesion. %. 

useful life. rf Fie. 4.—Series I. and II. Correlation of 
The correlation _be- paint adhesion at Plymouth and Caer- 


tween the Plymouth and narvon. 
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the Caernarvon results is best shown in diagrammatic form. Fig. 4 
is a graph of the data for 21 schemes common to both series. 
The average adhesion was greater at Plymouth than at Caernarvon 
but the orders of merit are substantially the same. 
The effect of old paint on adhesion was studied in some detail at 
Caernarvon. A grid dividing the surface into twelve equal areas 
was superposed on the old Plymouth specimens before they were 
repainted and the percentage of old paint adhering in each sub- 


TaBLe XIII.—Series IJ. Oaernarvon. Effect of Old Paint on the 
Adhesion of New Paint. 


Before Repainting. After Repainting and Exposure. 
E Number of Areas with Intact Paint— 
Intact Paint. Number of 
%s Areas. 
100-90%. | 89-60%. 59-30%. 29-0%. 

100-90 5 ‘ . 99 67 30 1 
89-60 : A 5 435 210 200 20 
59-30 : a - 305 84 180 36 
29-0 5 : a 73 9 29 24 
Total n 912 370 439 81 


division was noted. Similar measurements were made after the 
conclusion of the Caernarvon tests. The two sets of observations 
are correlated in Table XIII. In only 62 cases out of 912 was a 
deterioration in adhesion recorded during the Caernarvon tests, and 
in the majority of cases, 536, an improvement occurred, thus 
confirming the conclusion that adhesion will generally improve as 
the paint film is built up by repainting. 


TABLE XTV.—Series I. and II. Proprietary Conipositions. 
Corrosion of Basis Steel. 


Number of Painting Schemes, 
Loss in Weight. Oz. per sq. ft. Plymouth Gaernarvon 
34 Specimens. 40 Specimens? 

29 Weeks’ 26 Weeks’ 

Immersion. Immersion. 
0-00—0-19 8 2 
0:20-0:39 6 ll 
0:40-0:59 4 8 
0:60-0:79 6 8 
0:80-0:99 6 ~ 4 
1:00-1:19 1 2 
1:20-1:39 2 4 
1-40-1-59 1 1 


1 One specimen was lost. 
* The exposure of three specimens was continued beyond 26 weeks. 


MARINE CORROSION SUB-COMMITTEE.—SECTION B. (III.). 373P 


(2) Loss in Weight on Exposure. 


The losses in weight of the pickled and painted specimens i 
tests are given in Table XIV. These ato deikeainea Sane 
remaining paint had been stripped and thus represent loss of 
steel.t The figures for Plymouth, after 29 weeks’ immersion, ranged 
from nil to 1-48 oz. per sq. ft., and those for Caernarvon from 0-02 to 
1-49 oz. per sq. ft. after 26 weeks’ immersion. Comparable results 
for bare pickled steel are 1-78 and 1-39 oz. per sq. ft., respectively, 


Caernarvon. Loss in Weight. 


Plymouth. Loss in Weight. G. 


Fic. 5.—Series I. and II. Correlation of losses in weight at Plymouth and 
Caernarvon. 


from which it may be concluded that the worst painting schemes 
gave little protection and broke down shortly after the tests were 
started. The contrast between good and bad protective paints is 
shown by the photographs of Plymouth specimens reproduced in 
Fig. 17. 

“The rates of corrosion, whether for painted or for bare specimens, 
were substantially the same at both stations. For bare steel, the 
equivalent annual corrosion rate is 2-93 oz. per sq. ft. at Plymouth 
and 2°86 oz. per sq. ft. at Caernarvon or, in terms of loss of thickness, 


1 The effect of the central holidays on the corrosion of these specimens 
would not be pronounced. The maximum correction for these would be 
0:08 oz. per sq. ft.; im most cases it would be much less. 
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0-0045 and 0-0044 in. These rates are less than the normal rates of 
general corrosion in industrial atmospheres; for instance, at 
Sheffield rates of 4 oz. per sq. ft. or 0-006 in. per year have been 
observed in outdoor exposures. 

Comparable values for the losses in weight of specimens painted 
with 20 schemes that were of substantially the same formulation in 
the two series are plotted in Fig. 5. The correlation between the 
Plymouth and Caernarvon results is good; the Spearman correlation 
coefficient works out at 0-760. 

Attempts were made to correlate the protective properties of the » 
compositions with the weight of each painting scheme. No correla- 
tion was found, although, as already discussed in Section B, Part 
II.(b)(2), there is evidence of the importance of the coating weight 
for any given paint. Clearly the effect of coating weight is masked 
by that of the wide variation in the medium and the pigmentation 
of the protective coatings. In addition, it would be better to base 
comparisons of different painting schemes on the total film thickness 
rather than on the total weight of paint. Unfortunately, the 
necessary data for making the calculations are not available for the 
tests under review. ) 
(3) Putting at Holidays. 

The depth of penetration at the holidays left on the pickled 
specimens varied from 0-007 to 0-078 in. at Plymouth and from 
0-012 to 0-066 in. at Caernarvon. These are mean values for 
both surfaces; the maximum recorded for any one holiday was 
0-080 in. at Plymouth and 0-069 in. at Caernarvon. These high 
values, recorded after little more than 6 months’ immersion, agree 
with practical experience of the dangerous concentration of attack 
at small unpainted areas on a ship’s hull, particularly when the 
vessel is under way. 

The results are summarised in Table XV. and, for the painting 
schemes common to both series, are correlated in Fig. 6. Again 
the correlation is good, the Spearman coefficient being 0-757. It 
may be concluded from the reproducibility of the results that the 
degree to which pitting is promoted at holidays is a characteristic 
property of the painting scheme. 

Severe attack at the holidays was almost invariably associated 
with a high value for paint adhesion after test, but it does not follow 
that a scheme giving good adhesion will produce excessive pitting 
at holidays, since in several cases good adhesion was accompanied 
by moderate values for penetration. Conversely, a low value for 
the pitting does not necessarily indicate a good painting scheme 
since bad protective coatings fail rapidly all over the surface, with 
the result that corrosion becomes general and is not concentrated 
at the holidays. It is a minor point but worthy of note that most of 
the compositions assessed as good protectives on the basis of the 
Plymouth tests had remained intact and protected the old holidays, 
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which were painted over when the specimens were re-exposed at 


Caernarvon, throughout the period of immersion there. 
The scheme giving maximum penetration at Caernarvon, 0-066 


TABLE XV.—Pitting at Holidays. 


Number of Schemes. 
Depth of Pitting. In. Plymouth, Caernarvon, 
34 Specimens. 40 Specimens. 
29 Weeks’ 26 Weeks’ 
Immersion. Immersion. 
0-001—-0-010 2 Saat 
0-011-0-020 1l 15 
0-021-0-030 . 5 10 16 
0:031—0-040 . f ; 4 6 
0:041-0-050 . a . 2 Hoe 
0-051—0-060 2 2 
0-:061—0-070 1 ‘ iV 
0-:071—0-080 ; 2 aed 


in’, consisted of two coats of red-lead/oil paint followed by a 
finishing coat of a proprietary anti-fouling composition. It might 
be concluded from this that the use of red lead primers on the 


Caernarvon. Pitting. In 


Fira. 6.—Series I. and II. Correlation of pitting at holidays at Plymouth 
and Caernarvon. 


under-water parts of ships’ hulls was dangerous and undesirable as 
being liable to promote serious pitting. This would be in line with 
practical experience in which heavy pitting of propeller shafts and 
similar parts wrapped in hessian soaked in red lead has sometimes 
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been observed. On the other hand, the experiments described in 
the next Part show that temporary coatings of red lead paint 
beneath the bottom painting scheme proper have materially improved 
the performance on new steel of an average proprietary painting 
scheme. Decision as to the merits or otherwise of red lead in bottom 
compositions must therefore be deferred until more experimental 
evidence is available. 


(h) Accelerated Tests with the Rotor Apparatus at the Chemical 
Research Laboratory. 


A special apparatus for accelerated corrosion tests under con- 
ditions of complete immersion has been designed and constructed 
at the Chemical Research Laboratory, Department of Scientific and 
Industrial Research, Teddington.t This provides for rapid motion 
of the test specimens through the corrosive solution, which at the 
speed employed (about 20 knots) is in a state of considerable turbu- 
lence and consequently of thorough aeration. The apparatus is 
well suited for conducting tests on painted steel surfaces moving 
rapidly through sea water, and the Chemical Research Laboratory 
kindly agreed to conduct parallel tests with this apparatus on the 
proprietary painting schemes included in the Plymouth and Caer- 
narvon series of raft tests. Details of the apparatus and of the test 
results have not yet been published, but the author is indebted to 
the Chemical Research Laboratory for the following statement. 


(1) Experimental Details. 


The tests on ships’ bottom compositions are conducted as 
follows : The steel specimens are prepared for painting by pickling 
and wire-brushing; this leaves the metal with a bright, though 
roughened, surface, which can easily be reproduced and hence pro- 
vides a convenient standard surface for use in comparing different 
paint systems. For painting, the specimens are held in slots in a 
vertical steel plate, with the surfaces of the specimens flush with 
that of the plate. In this way paint can be applied with a good 
sweep of the brush over a reasonable area, thus overcoming objec- 
tions associated with the painting of small areas. The second (anti- 
corrosive) coat is applied after an interval of 27 hr., the anti- 
fouling after another 27 hr., and the specimens are immersed after 
a further 20 hr. The specimens are weighed (1) before painting, 
(2) after the application of the second anti-corrosive coat, and (3) 
after the anti-fouling coat, time being allowed for drying in each case. 

In the tests under discussion, the specimens carried about the 
same (or a rather smaller) thickness of paint as the raft specimens. 
A preliminary experiment was duplicated with natural sea water 
and with a synthetic sea water containing all the principal ions in 


* The apparatus is covered by a patent application in the names of G. D. 
Bengough, F. Wormwell, V. A. Yardley and T. J. Nurse. 


PLATE X. 


Fic. 14.—The Caernarvon Raft. 
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Prats XIII. 


<= xa as i SES) 
d. Loss, 0:00:0z. per sq. ft. b) Bad. Loss, 1:48 oz. per sq. ft. Pitting at 
ee oy : , holiday, 0-024 in. 


Pitting at holiday, 0-016 in. ¢ k 
Fic. 17.—Series I. Plymouth. Good and bad protective paints. 


ma 


(5) Same specimen after receiving temporary 
protective coating followed by further 70 
days’ weathering at Caernarvon. Note 
breakdown of paint film at mill-scale/rust 
boundaries and at defects in mill scale. 


Fic. 18.—Series IV. Caernarvon. Effect of rust and mill scale on protective paint. 
(First Marine Corrosion Report. 


(a) Specimen after 35 days’ weathering at 
Birmingham. 
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Puate XVI. 


(b) Zinc, hot-galvanised. 


Fouling of aluminium- and zinc-coated steel; 12 months’ immersion. 


(a) Aluminium, sprayed. 
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the concentrations as found in the natural water. Satisfactory 
agreement (in respect to the behaviour of the paint system under 
test) having been obtained, all the remaining tests were carried 
out in the syntKetic solution. 


(2) Results. 


Evaluation of the results has been based on visual evidence 
supplemented by determinations of loss in weight of the basis metal. 
The ratings obtained by the two methods have, in the main, agreed 
well both with each other and with the ratings yielded by the 
Plymouth raft tests. The agreement with the latter is shown by 
the fact that of five schemes rated as very good by the C.R.L. test, 
three were rated as very good at Plymouth, one as good and one 
as moderate. At the other end of the scale sixteen schemes were 
rated as bad by the C.R.L. apparatus; in the Plymouth tests, 
thirteen of these were rated as, bad and the remaining three as 
moderate. 

In the Teddington laboratory experiments there are no means 
of assessing resistance to fouling, except in respect to the mechanical 
durability of the anti-fouling component under the conditions of 
the tests; the main criteria are, therefore, the ‘““ mechanical ”’ 
behaviour of the paint coatings and the condition of the underlying 
metal in respect to corrosion. 

It may be concluded from the good agreement between the 
results of the laboratory tests and the order of merit deduced from 
the Plymouth raft tests, that the C.R.L. apparatus affords a rapid 
and convenient method of testing paint systems intended for use 
on submerged metals. The absolute rate of breakdown of paints 
is much greater than in raft tests or (probably) on ships’ plates in 
service. Thus, the percentage loss of paint in three weeks in the 
laboratory test is rather greater than that in twenty-nine weeks on 
the Plymouth raft. 


(j) Conclusions. 


Two main criticisms of these comparative tests on proprietary 
compositions have been voiced by individual paint manufacturers 
to whom the results of the tests on their own compositions have been 
communicated as a matter of courtesy. 


(1) The paint films applied to the test specimens were much 
thinner than those used on actual ships. Some firms state that 
the spreading rates are three or four times greater than in their 


experience of painting ships’ hulls.+ 
This is an inevitable result of the different methods of 


1 Service data obtained during tests on full-sized plates built into the 
bottom of H.M.S. Basset will be found on p. 205 of the Fifth Report of the 
Corrosion Committee (Iron and Steel Institute, 1938, Special Report No. 21). 
Here the total weight of wet paint in the three coats of composition applied 
before the first dry-docking was 1:32 oz. per sq. ft., equivalent to about | oz. 
per sq. ft. of dry paint (compare Table IV. of this Report). 
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application, coupled with the fact that the surface of a ship’s 
hull will normally be rougher and more irregular than that of a 
small specimen. The effect of this difference in thickness may 
be reduced by the fact that it is common to most of the 
compositions tested. i 

(2) Raft tests do not reproduce the conditions of service. 
To this objection there can be no satisfactory answer until such 
time as it is possible to conduct service tests in parallel with 
raft tests and to correlate the two series of results. 


With these possible limitations in mind, the main conclusions 
from this section of the work may be summarised thus : 

(a) The results of raft tests are reproducible. There is good 
agreement between the Plymouth and Caernarvon series. 

(b) Compositions generally have a longer life when applied over 
old paint than when applied to freshly pickled steel; in the former 
case failure occurs more frequently as a result of fouling but in the 
latter as a result of corrosion. 

(c) The performance of relatively indifferent compositions 
improves as a paint film is built up on the steel by repainting. A 
distinction should therefore be made between compositions applied 
in the early stages of a ship’s history and those used for maintenance 
after the vessel has been in commission for a number of years. 

(d) The behaviour of an anti-fouling composition is indissolubly 
connected with that of the protective paint beneath it and can only 
be fully satisfactory when the latter prevents any rusting of the steel. 
It follows that comparative tests of anti-fouling compositions as 
such should be conducted over a protective system satisfying this 
condition. 

(e) To prevent gross: fouling under the static experimental 
- conditions in home waters for six months in summer, considerable 
concentrations of toxins are required in the anti-fouling composition. 
These may be roughly assessed as 15%, by weight of mercury or 30% 
by weight of copper or an equivalent combination of both. 

(f) Marked pitting may occur at unpainted areas (holidays) left 
in an otherwise sound coat of composition. Red lead in linseed oil 
has the most pronounced pitting effect of any primer investigated. 

(g) It is desirable to pay more attention to the formulation of 
ships’ bottom compositions with a view to obtaining the optimum 
consistency for application, paying due regard to practical working 
conditions. 

(h) Whilst the possible limitations of the results of the present 
raft tests as a basis of selection for anti-fouling compositions for use 
on seasoned vessels are recognised, it is considered that they give a 
good indication of the relative merits of protective compositions. 

(j) Good agreement as regards the protective properties of the 
various painting schemes was observed between the results of 
accelerated laboratory tests conducted in the rotor apparatus at 
the Chemical Research Laboratory and those of the raft tests. 


MARINE CORROSION SUB-COMMITTEE.—SECTION B. (IV.). 379P 


Parr [V.—Sesries IV. Errect oF SURFACE CONDITION. 


(a) Huperimental Details. 


With the conclusion of test series IT. at Caernarvon, the work 
of the Sub-Committee entered on a new phase. In subsequent 
series the aim has been not so much to compare rival proprietary 
compositions as to build up a body of scientific evidence on which 
improved ships’ bottom compositions could be formulated, and the 
effect of various factors incidental to the painting process, such as 
the preparation of the steel surface for painting, could be correctly 
appraised. 

The first of these tests, series IV., was designed to investigate 
the effect of variations in the surface treatment of the steel before 
painting. 

It may be postulated that the ideal method of dealing with new 
ships’ plates would be to remove the mill scale and any rust by 
pickling or other means after the completion of fabrication and to 
apply a complete priming coat to them under good conditions before 
they left the shop. Unfortunately, there are practical difficulties 
which conflict with this ideal. For instance, it would be undesirable 
to paint the edges, since trouble might arise in cases where welding 
was used for assembly and the presence of paint would interfere 
with the conduct of the water-tightness test.” 

Attention was paid to these and similar points when drawing up 
the experimental programme. For example, it was envisaged that, 
although the plates might be pickled in practice, some time might 
elapse before they could be painted. Painting could, however, be 
carried out in position as soon as any particular section of the hull 
had passed the water-tightness test. A single coat of paint might 
then be applied to afford temporary protection until the final 
painting of the hull as a whole. Consequently, tests on various 
temporary protectives such as red lead, red iron oxide paint or 
mineral oil, as used in H.M. Navy, have been included. Similar 
experiments were made on plates exposed to the weather for 
different periods, with or without temporary protective treatments, 
and on plates coated with red lead or with red iron oxide paint at 
the steelworks within a short time of rolling. 

After the various preliminary treatments, the specimens were 
given three coats of composition, two protective and one anti- 
fouling, and were then immersed in the sea. The final painting 
scheme was varied, but one scheme was applied to nearly half the 
total number of specimens. This scheme and four others need alone 


be considered here. 

1 Series III. is considered in Section B, Part IX.(6). ; ‘ 

2 The possibility of devising a paint that would not interfere with welding 
should not be ignored. 
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TABLE XV1I.—Series IV. Tests on 


Weight of Dry Paint. Oz. per sq. ft. 


Surface Condition. 


A, B. C. D: Ez. 
Bm Temporary Treatment. | Cn. | t. iE: t. f. t. f. t. fs t. f. 
Nil | Red lead at mill 105 0-50 BA: : aso nee we 
A Red iron oxide at mill oe 0-49 ote one Ss = 
an None x 0-49 1-03 0-67 0-42 1-80 
p None 105 0-49 0-94 0-71 “4 
14 Red iron oxide 91 | 0-14 | 0-46 5 
14p21 | Boiled oil 70 | 0-05 | 0-53 é “5 
FA Mineral oil 9» | 0:05 | 0-49] ... wer =e = ves See 
a First protective 35 | 0-08 | 0-50 | 0-40 | 1-12 | 0-07 | 0-71 0-09 | 1-83 
Ap Red lead 5, | 0:30] 0-45] ... : “Se at oes — 
* Red iron oxide 35 | 0-15 | 0-50 0-13 | 0-66] ... a aes 
es Bitumen-water emulsion] ,, oe A ay eee | 0-12 | 0-42 
35 Mineral oil 70 |0-:04] 0-51] ... <c te Se = Rae mee aes 
2A First protective 3» | 0°09 | 0-42 | 0-44 | 1-02 | 0-09 | 0-64] ... soe (10-08; | 1°77 
AG Red lead 3, | 0-34] 0-51] ... nA “90 oe ee “65 Gea fac 
6 Red iron oxide »> | 0-16 | 0-47 Fe oes <5 
nH Bitumen-water emulsion| ,, ae os 0-12 | 0-42 ra 
35p | None 70 | ... | 0-50 0-72 1-81 
ae Red lead o> | 0°31 | 0-48 ie = 
a0 Red iron oxide >» | 0-18 | 0-46 “i 
70 Red iron oxide 35 | 0-16 | 0-51 =e J 5 
70p | None 35 0-46 eae | 0°70 an ate 
9lp | None 14 0-56 S - eee | O72 é <a ose 
Nil, p | None Nil | ... | 0:48 0-67 4 : 5 2-03 
“A Red lead > | 0°32 | 0-52 55 RS mee 
+5 Red iron oxide 3» | 0-17 | 0-46 3 ate 
Nil Red lead at mill Nil 0-45 
ce Red iron oxide at mill es 0-46 . . nae 
KEY TO 
Surface Condition. Weight of Dry Paint. R 
Bm = Birmingham, A, B, C, D, E = different painting schemes. 


p = pickled in dilute hydrochloric acid. 
On = Oaernarvon, 
The figures refer to days’ exposure. 


with boiled oil, exposed for 70 days at 
narvon, 


Example : 
“14p21, boiled oil, 70 denotes ‘ specimen ex- 
posed for 14 days at Birmingham, pickled, re- 
exposed for 21 days at Birmingham, coated 


D incorporated bitumen in the protective coats. 


a a wax anti-fouling which was applied 
ot. 


t = temporary coat. 

f = final painting scheme, total for two pro- 
a tective coats and one anti-fouling coat. 
Jaer- 


Details of the tests are given in Table XVI. They were begun in 
January, 1942, and the Table gives results for periods of 6 and 8 
months’ immersion, terminating in July and September, 1942, 


respectively. 


(b) Effect of Weathering. 
The changes in weight of the as-rolled or pickled specimens as a 
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the Effect of Surface Condition. . 
Grading after 6 Months’ Immersion. Grading after 8 Months’ Immersion. 

A, B. C. D. £. A. B. C. D. £. 
eee aes Pine 5 sy Tem dh dito, (ed ed Fo pear SS VES SUG eal ine yall Wiel exe ll le, 1h 2B 
a." Sa RE 2 MG = 
b b | VG) M/|VG/ M| b b b | VG] b Den eGcelle ht GS avi b | VG 
M;}MivVG} G/VG| b b|M/G/M{|VG] b ae 
ty ee 

“bh 
Mi} b{vG| Giv@| G|...|..| b|V@] b Doe Gee OME, VIG Ge | eeeilrce cs wih WAGE 
b b MASA MEM Pee th coset! cscrsill | Gcteal [eectr moron brooosd comm lakes} AEs nicoes corel) <crce| aco 
ne eG | Ge ViGe Gen iere|) con [ats [ERG I cee ecss|) GrelcG |) VGAlNGlltes.nttece ibe || VG: 
b-| b oe PS 
eee brane. Mi} b 
Mi|M ri VG; M b | VG] b b Ge)’ b | VG 
MG ace b|M a5 
be oes ie 
bee b) Ss 
b |b SEE IMGS Ho Weta, [fate ease Pate Ieee [ee os, | VEINS eee nIee Hse | 
M/;M SAGE Gr leeeeet | eee a seen |eeen | DT ire ost (fe emi io ral Com 
by) b AGL ATEN Hen Clee ental WVXG™N IL cee al eaciel| cpeee) (uncon MGM eH IBAC Naar Marg || LOGW NIE: 
b |b ss es 
M/G M/|G 
b | b et 
TABLE. 
Gradings.. 
F = fouling. 


P = protection. 
VG = very good. 


G@ =good. 
M = moderate. 
b= = bad. 


Where gradings are underlined, the specimen was removed after this inspection. 


result of the preliminary weathering, &c., are given in Table XVII. 
It should be noted that the specimens were cut from ships’ plate 
of ordinary steel, } in. thick. 


(1) As-Rolled Specimens. 
It will be seen from Table XVII. that the percentage of mill 
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scale removed by weathering increased progressively with increasing 
duration of exposure, and had reached 87% after 105 days’ weathering 
at Caernarvon. It is inadvisable to make a general deduction from 
this as to the time necessary to descale a ship’s plate completely by 
weathering, since, apart from incidental variations in the conditions 
of exposure, including the season of the year, this will depend on 
the thickness of the plate and the speed of the mill in which it was 
rolled, both of which affect the constitution and thus the resistance 


TaBLe XVII.—Effect of Weathering on Uncoated Steel. 


Weathering. Change in Weight. Oz. per sq. ft. 
ae Descal- 
mens.2 |/28- %-| Gain on Loss on Net Rust Left} +455 on 
Days. Place. Ex- Wire- Pee Pheer Pickling. 


posure. | Brushing. 


Specimens Haposed in the As-Rolled Condition. 


0 4 20 Es we = ae re 
14 | Birmingham | 22 1s | 0-01 | 0-02 | 0-02 | 0-09 
35 be 30 | 27 | 0-03 | 0-10 | 0-08 | 0-10 
70 3 6 | 36 | 0-07 | 0-21 | 0-14] 0-16 
91 i 4 | 46 | 0-15 | 0-33 | 0-17 | 0-31 


105 | Caernarvon 15 87 0-12 0-56 0-44 | 0-21 
‘ 


Specimens Exposed after Pickling. 


14 | Caernarvon 4 wits 0-10 0-12 0-02 0-13 
21 | Birmingham 20 ee 0-09 0-13 0-03 0-10 
35 | Caernarvon 4 ene 0-14 0:22 0:07 0-14 
70 _ 7 wh 0-24 0:37 0-13 0:23 
105 - 6 0-30 0:37 0-07 | .0-38 


1 Apparent errors of 0:01 in some of the differences shown are due to the 
fact that the figures have been converted from gramme per specimen to ounce 
per square foot. 

2 In some cases only part of the total was pickled after exposure. 

3 Range 0:46-0:60. 


of the mill scale to weathering. It is probable, however, that on 
the general run of ships’ plates descaling would seldom be completed 
within six months and that much longer might often prove necessary 
to make sure of complete scale removal. 


(2) Pickled Specimens. . 
The loss in weight on pickling of as-rolled specimens that had 
been subjected to no preliminary exposure other than that un- 
avoidably incurred in transit from the steelworks averaged 0-54 oz. 
per sq. ft. (limits 0-46—-0-60 oz. per sq. ft.). Pickling was carried 
out in cold 5% (by volume) hydrochloric acid according to the 
standard Admiralty procedure. Under normal circumstances there 
is little loss of metal from the plates in this process, so that the 


\ 
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figure of 0-54 oz. per sq. ft. may be taken as the approximate weight 
of rolling scale on the specimens. It is clear from Table XVII. that 
the effect of long periods (7.e., 70 or 91 days) of exposure to weathering 
before the specimens are pickled results in an appreciable increase 
in the loss in weight on pickling. This increase is largely due to the 
formation of rust. This has the additional disadvantage that, 
since rust is more difficult to remove than mill scade, the pickling 
time is unduly prolonged; moreover, the final surface is not so good. 
The practical conclusion to be drawn is that plates should be pickled 
as soon as possible after they have been rolled. It is bad practice to 
allow plates to become heavily rusted before pickling them. 

The results given in Table XVII. show that the pickled specimens 
gained weight on exposure for all periods up to the maximum of 
105 days; this is due to the formation of rust. Rust is generally 
found to contain about 60% of iron; consequently, it may be 
assumed that a gain in weight of 1 oz. on exposure represents the 
formation of 2-5 oz. of rust, resulting from the corrosion of 1-5 oz. of 
iron. ‘These are minimum values, because the calculation assumes 
that there is no loss of rust from the surface either by solution in 
rain water or by mechanical means. On this basis, the gain in 
weight (per sq. ft.) of 0-30 oz. after 105 days at Caernarvon indicates 
the presence on the surface of the specimens of 0-75 oz. or more of 
rust; since only 0:37 oz. was removed by wire-brushing, at least 
0-38 oz. of rust must have remained on the surface of these specimens 
as painted. The results of similar calculations, recorded in Table 
XVIL., show that, as would be expected, the amount of rust that is 
not removed by wire-brushing increases with the duration of 
exposure. It may be noted that in other experiments the weight of 
rust left after wire-brushing specimens that had been exposed out of 
doors for a year was approximately 1-0 oz. per sq. ft. 

The wire-brushing was thorough and was carried out at a rate of 
approximately 12 sq. ft. per hr., the average time spent on each 
specimen, with a total area of 2-2 sq. ft., bemg from 10 to 12 min. 
At this rate of wire-brushing, it seems that, judging from visual 
appearance, practically all the rust can be removed from pickled 
steel that has not been exposed to the weather for longer periods 
than about four weeks. The complete removal of the rust is, 
however, illusory, as is shown both by the data given above and by 
the fact that in the case of temporary treatments applied to speci- 
mens wire-brushed after weathering for 14 days after pickling, the 
tiny pin-point blisters associated with subcutaneous rust were 
discernible in the paint films after these had been exposed for a 
further 70 days at Caernarvon. 

The practical conclusion is that the first protective treatment of 
ships’ plates, whether temporary or permanent, should be applied 
as soon as possible after the plates have been pickled and, except 
under unavoidable circumstances, within two or three weeks of this. 

Values for the weights of rust left on as-rolled specimens after 
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weathering are also shown in Table XVII. In this case the calcula- 
tion is complicated by the loss in weight due to removal of the mill 
scale itself, and the results are more approximate ; in all probability 
the figures given are too low. In fact, in the atmospheric exposure 
tests of the Main Committee it has generally been found that complete 
mill scale removal by natural weathering has the effect of leaving a 
quantity of rust on the surface after thorough wire-brushing that is 
approximately equal in weight to the original weight of mill scale. 


(c) Effect of Temporary Protective Treatments. 


Temporary protective treatments were applied at an intermediate 
stage of the weathering process to two sets of specimens, as shown 
in Table XVIII. In one case the specimens were weathered for 14 


TaBLeE XVIII.—Effect of Temporary Protective Treatments on 
Resistance to Weathering. 


Treatment before Coating. 
7 
Weathered 14 Days, 
Spreading | Pickled Hydrochloric Weathered 35 Days, 
a Rate. Acid, Weathered 21 Wire-Brushed. 
Temporary ‘Treatment. Sq. ft. Days, Wire-Brushed. 
per gal. 
Coating Loss in Coating Loss in 
Weight. Weight. Weight. Weight. 
Oz. per Oz. per Oz. per Oz. per 
sq. ft. sq. ft. sq. ft. sq. ft. 
Boiled linseed oil . ® 3000 0-05 —? Not 
' ’ tested 
Mineral oil “ R 3000 0:05 0-20 0-04 0-08 
Red lead : A ; 1500 0:30 0-01 0:34 0-01 
Red iron oxide ‘ : 1800 0-14 |—0-01 0-16 0-01 
Bitumen-water emulsion . rae 0-12 —? 0-12 0-02 
First protective : A so 0-08 —? 0-09 0-04 
B a 0-40 —? 0-44 —? 
C a 0:07 —? 0-09 —? 
#H — 0-09 —? 0-08 , 0-02 


1 Not determined, but between 1000 and 2000 sq. ft. per gal. 
2 Less than 0:01. 


days at Birmingham, pickled in cold hydrochloric acid and again 
exposed out of doors for 21 days before they were thoroughly wire- 
brushed and given a single coat of the temporary treatment. In 
the other case the specimens were weathered for 35 days at 
Birmingham under the same conditions before being wire-brushed 
and coated in a similar manner. After receiving the temporary 
treatment, all the specimens were sent to Caernarvon and exposed 
to the weather there for 70 days. The losses in weight recorded in 
Table XVIII. are the differences between the weights of the freshly- 
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coated specimens and the corresponding weights when they had been 
wire-brushed after the 70 days’ exposure at Caernarvon, 7.e., in 
most cases they represent loss of coating rather than loss of steel. 
A change in weight of 0-01 oz. per sq. ft. is roughly the smallest that 
can be detected with certainty, and a dash in the Table indicates 
that the observed value was less than this. 

The oil coatings were rubbed on by means of rags at the rate of 
about 3000 sq. ft. per gal. and the red lead and red iron oxide paints 
were suitably thinned before use. First protective B was also 
thinned for use as a temporary coat, but the other first protectives 
and the bitumen-water emulsion were used as they stood without 
dilution. 

All the temporary treatments, except mineral oil, protected the 
steel adequately over the 70 days’ exposure to the weather. It is 
noteworthy that with most of the treatments the loss in weight of 
the non-pickled specimens, weathered for 35 days before treatment, 
although small, was greater than that of the specimens that were 
pickled after 14 days’ exposure. This is due to the fact that 73% 
of the mill scale was still adhering to the former at the time of 
painting, which resulted in local breakdown of the paint film at the 
boundaries of the intact mill scale left in the centre during the 
further exposure at Caernarvon. This is illustrated by Fig. 18. 

The mineral oil gave bad results and the specimens that had 
received this treatment were indistinguishable after weathering 
from the uncoated specimens. For specimens that had received an 
intermediate pickling, for instance, the loss in weight after 70 days’ 
exposure at Caernarvon was 0:20 oz. per sq. ft. as compared with 
0:24 oz. per sq. ft. for non-coated specimens. No comparable set of 
non-coated specimens carrying mill scale was tested, but the mineral 
oil probably had some effect in retarding descaling, since at the final 
inspection only 11% of the mill scale had been removed from the 
specimens, as compared with 87°, for uncoated specimens exposed 
for the full period of 105 days. The loss of this mill scale 
accounts for the fact that the specimen that had been weathered 
continuously for 35 days before oiling lost less weight on further 
exposure than the one that had received an intermediate pickling 
after 14 days’ exposure. 

It will be seen that boiled linseed oil, applied in the same manner 
and at the same spreading rate, gave much better results than 
mineral oil. It may be concluded that, for use as a temporary 
protection against atmospheric rusting, boiled linseed oil is to be 
preferred to mineral oil. The results show that the former, applied 
at the rate of 3000 sq. ft. per gal., will give good protection in the 
open for 2-3 months under normal circumstances. It is too early to 
decide between the merits of the various paints applied, but it is 
encouraging to note that the bitumen-water emulsion, which is 
easy to apply, gave results comparable with those for the other 
temporary protectives. The question of the value of oe and. 
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other temporary treatments for ships’ plates to be coated sub- 
sequently with bottom compositions and immersed in sea water 
is another matter and will be discussed later. 


(d) Results to Date. 


The coating on some of the specimens failed rapidly when 
immersed; moreover, for various reasons gradings at successive 
inspections fluctuated considerably, rendering it difficult to assess 
the life of coating in individual cases. Comparisons of the different 
treatments have therefore been made by means of index figures 
computed thus : , 


Fouling.—The aggregate for all inspections to date? of all 
fouling gradings other than slime for the fronts and backs of 
both duplicate specimens, i.e., for four surfaces in all. 


Index Figure 


Loss in Weight. G. 


Fie. 7.—Series IV. Caernarvon. Correlation of index figure (protection) 
and loss in weight. 


Protection.—The aggregate, as above, for the percentage of 
blistering, twice the percentage of flaking and four times the 
percentage of rusting. The weighting factors, one, two, four, 
are purely arbitrary, but, as will be seen from Fig. 7, their use 
is justified by the good correlation of the index figures with the 
observed losses in weight of the specimens after immersion. 


On the basis of these index figures, the various combinations of 
surface treatment and final coating have been graded as ‘‘ Very 
good,” ‘‘ Good,” ‘‘ Moderate ” and ‘‘ Bad,” as shown in Table XVI. 
In the case of the 6 months’ results, the dividing line between 


1 Six in number at 6 months, seven at 8 months. 
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moderate and bad is the average index figure for all the pairs. The 
top fifth of the range above this constitutes the very-good class, the 
second and third fifths are good and the remaining (bottom) part of 
the range is moderate. Most of the bad specimens had failed at 
6 months and were removed then. The gradings at 8 months are, 
so far as possible, on the same absolute scale as those, at 6 months. 

Most of the specimens painted with schemes B, C and E were in 
good condition, as regards absence of rusting, after 8 months’ 
immersion, and it would be premature to discuss the results of the 
tests on these, since any differences observed. may be within the 
experimental error. Scheme D was applied to three pairs of 
specimens only. Consequently, interim discussion of the results 
will be based mainly on those obtained for specimens coated with 
scheme A. This is a proprietary scheme which, on the basis of the 
results obtained at Plymouth and Caernarvon (series I. and II.), 
would be classed as moderate, 7.e., above the general average (see 
Table VII.). 

Three main conclusions emerge : 

(1) Temporary treatments of red lead paint have led to marked 
improvement in performance in the underwater tests, irrespective 
of the stage in the history of the specimens at which they were 
applied. In fact, the improvement is such that the best of these 
specimens are graded as good after 8 months’ immersion and equal 
in merit to all but the best specimens painted with schemes B and C. 
The latter are proprietary compositions in the good or very-good 
class. 

Reference has been made (Part III.(g)(3)) to the tendency for 
red lead to promote pitting at holidays on a steel surface. It 
is not certain that this would be so pronounced in the case of a 
thinned coating such as that used in these tests for temporary 
protection, or, a fortiori, in-that of a paint specially formulated for 
use under bottom compositions. 

(2) In contrast to this, temporary treatments of red iron oxide 
paint, of boiled oil and, strangely enough, of the first protective coat 
of scheme A itself have proved injurious and yielded worse results 
than those obtained on weathered steel with no temporary treatment 
at all. The detrimental effect of red iron oxide paint was particu- 
larly marked. Red iron oxide paints as a class dry slowly and give a 
softer film than red lead paints, so that it might be possible to 
obtain an improved result by formulating a special quick-drying 
red iron oxide paint for the purpose. It is probable, however, that 
the main cause of the difference in the behaviour of red lead and of 
red iron oxide paints is the strongly inhibitive character of the former, 
which restrains rusting. 

Specimens coated with mineral oil ranked slightly higher in the 
order of merit than those coated with boiled oil, but this is purely a 
negative virtue, since both were inferior to weathered specimens 


with no temporary treatment. 


388 P FIRST REPORT OF THE 


(3) Better results were obtained on steel that had been exposed 
to the weather for 105 days after pickling, followed by wire-brushing 
before painting, than on freshly pickled steel; as-rolled specimens 
exposed for 105 days also gave better results than pickled but 
unweathered ones. It follows that with scheme A the development 
of rust on a pickled surface has not had the injurious effect that would 
have been expected in the case of paint applied for protection 
against atmospheric corrosion. It would seem that here the rust 
improves adhesion by acting as a key for the paint or, alternatively, 
that there is some incompatibility between this paint and a freshly 
pickled steel surface. 

This result may not be a general one. With scheme C, a better 
protective paint, the best specimens after 8 months are those 
painted on a freshly pickled surface. Specimens painted over a 
rusted surface are inferior. The difference lies in the development 
of minute blisters on the latter; these affect the grading, but may 
not prove to be of such importance as they seem. This type of 
blistering, which is also observed in paint films applied over rusty 
steel exposed to the atmosphere, is illustrated in Fig. 19. In this 
case the paint on the specimens is scheme D. 

It is interesting, too, that temporary treatments of red iron 
oxide paint have had no adverse effect so far on specimens coated 
with scheme C. 


(e) Loss in Weight and Pitting on Exposure. 


Twelve pairs of specimens painted with scheme A were removed 
in July, 1942, after 25 weeks’ exposure. Their losses in weight, 
after stripping any remaining paint, are given in Table XIX. The 


Taste XIX.—Series IV. Caernarvon. Loss in Weight, Paint 
Adhesion and Pitting after 25 Weeks’ Immersion (Painting 
Scheme A). 


Surface Condition.* i 
= pn Wolehut Deepest Pits.* 


Paint 
Oz, per Adhering.* Thousandths of an 


Bm, Temporary Treatment, Cn. sq. ft. 40) Inch, 
70p None 35 0:30 29 52 — 
35 First protective ; 70 0:39 ll = — 
70 Red iron oxide 35 0:40 36 24 28 
14p21 | Boiled oil 70 0:42 fi — 46 
35 Red iron oxide 70 0:50 10 22 — 
14p21 | Red iron oxide 70 | 0-52 11 a 
) None Nil 0-60 4 —- — 
35p__| Red iron oxide 70 0-65 =F —_- — 
p Red iron oxide Nil 0-70 3 SS 
Nil Red iron oxide at mill | 105 0:73 8 —_— — 
14 Red iron oxide 91 0:77 6 —_—- — 
Nil Red iron oxide at mill} Nil 0:80 6 —- — 


1 See key to Table XVI. * Mean values for two specimens. 
* Value for each of four surfaces. A dash indicates less than 0-015 in. 
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mean values ranged from 0-30 to 0-80 oz. per sq. ft., with an average 
of 0-57 oz. per sq. ft.; the maximum and minimum values for 
individual specimens were 0-21 and 0-93 oz. per sq. ft., respectively. 
It may be noted that in series II. (proprietary compositions) the 
limits of the loss in weight for the moderate class were 0-35 to 0-58 
oz. per sq. ft. after 26 weeks’ immersion at Caernarvon. 

With few exceptions, the amount of paint left adhering to the 
specimens after the usual final cleaning in running water did not 
exceed 10%, as shown in Table XIX. The figures confirm the poor 
adhesion of scheme A to freshly pickled steel and that this adhesion 
is improved by a period of exposure to the weather before painting. 
The detrimental effect of temporary treatment with red iron oxide 
paint or boiled oil is also evident, particularly when this Table is 
studied in conjunction with Table XVI. 

It will be recalled (Table XVII.) that the preliminary weathering 
of the as-rolled specimens for periods of 35 or 70 days did not 
suffice to remove all the mill scale, so that in several cases the 
temporary treatments were applied to specimens on which the mill 
scale had been replaced by rust in a border of varying width (up to © 
1 in.) round the edges but was more or less intact on the centre. 
The final examination of the specimens after stripping the paint 
showed that in all cases where mill scale had been left on the steel 
beneath the paint, marked pitting had developed at the boundaries 
between intact scale and the rusted steel; moreover, on some 
specimens the mill scale was crumbling and flaking below the 
residual paint film. 

Figures for the depth of pitting are given in Table XIX. For 
specimens painted over weathered mill scale they ranged up to a 
depth of 0-034 in. This figure was exceeded at two isolated pits on 
specimens that had been descaled by pickling, but otherwise sharp 
pitting was not marked on pickled surfaces. Here the corrosion 
was of a different type and took the form of local attack over 
comparatively large areas, which were corroded uniformly to a 
shallow depth. Inspection of the specimens renders it probable 
that these are areas from which the paint had flaked away pre- 
maturely, leading to local concentration of the attack similar to that 
observed at holidays. The photographs reproduced in Fig. 20 are 
characteristic of the pitting of specimens carrying rolling-mill scale 
and of the local attack on pickled specimens. 2 

It may be concluded from these observations that mill scale 
should be entirely removed from ships’ plates before they receive 
their initial coat of paint. Since it is improbable that this can be 
accomplished on the large number of plates required for a single hull 
by the normal processes of weathering in the shipyard or on the 
stocks, more attention should be devoted in shipping circles to the 
possibility of descaling plates by the only reliable methods, pickling 
or shot-blasting. Obviously it cannot be claimed that pickling 
alone is an infallible solution of the problem. Its use will have to 
be bound up with that of properly formulated priming paints giving 
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good adhesion and protection to the bare steel surface. On the 
other hand, it is clear that complete descaling before painting is the 
only safe method of eliminating the danger of pitting as a result of 
electrochemical action, which will persist so long as any mill scale 
is allowed to remain on the steel. 


Part V.—SeErRies V. NeEew-TypPe PROTECTIVE PaInts 
(Dr. U. R. Evans). 


Emphasis is always laid, and rightly so, on the*necessity that 
all protective coatings for iron or steel should be applied under good 
conditions (of temperature, humidity, &c.) if the best results are to 
be obtained. In practice, however, these ideal conditions cannot - 
always be realised, particularly where maintenance painting is 
concerned; for instance, the painting of a ship in dry-dock cannot 
be held up for bad weather. Dr. U. R. Evans and his collaborators 
at Cambridge have, therefore, been investigating another funda- 
mental solution of the problem and have been endeavouring to 
establish formulations for paints that can be applied under adverse 
conditions—say, to a rusty, wet steel surface—and yet give good 
results. Into the nature of these paints it would not, at the moment, 
be seemly to go, but it may be said that some of them are on an 
inorganic base and differ fundamentally from the type of composi- 
tion normally used at present, whilst others, developed by Dr. 
J. E. O. Mayne, are based on organic vehicles. 

As preliminary tests on small specimens had yielded good 
results in the Cambridge laboratories, the Sub-Committee thought 
that it might assist Dr. Evans if they exposed some of their standard 
‘specimens coated with his paints to immersion at Caernarvon. Dr. 
Evans agreed to this suggestion and six pairs of specimens coated 
with different paint combinations were included in the January, 
1942, tests. One specimen of each pair was painted over a freshly 
pickled surface; the other had previously been pickled and 
weathered for one month at Birmingham. 

The paints had no anti-fouling properties, so they became 
covered with a copious marine growth at an early stage of exposure. 
This rendered accurate inspection of the protective properties 
impracticable. Consequently, half the specimens, the pickled and 
weathered ones, were removed in July, 1942, after 25 weeks’ 
exposure; the exposure of the duplicates is being continued. 

The result of the final examination of the specimens removed in 
July, 1942, is given in Table XX. The changes in weight on 
exposure and cleaning, 7.e., the weights of paint lost, were less than 


* There would have been no point in stripping the specimens to determine 
the loss of steel, as it was obvious that this would be small or negligible. 
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the total weights of paint applied, and confirmed what was evident 
on inspection, namely, that the majority of the painting systems 
had good protective properties and that over the period of test the 
best system, #140/V7, was comparable with the best proprietary 
protectives. The worst systems were on the point of failure, which 
ie render them approximately equal to a moderate proprietary 
system. 


TABLE XX.—Series V. Caernarvon. Results of Tests on New- 
Type Protective Paints (Dr. U. R. Evans). 


Paint Reference No. | Weight. Oz. persq. ft. 


of al Condition after Exposure. 
Merit. First | Second 
Coat. Coat. 


|} 


1 No significant rusting. 

2 Q92 Q92 1:39 0:38 | Pinhead rust stains. 

3 £140 | Z16 0-67 0-43 | Pinhead failures and rust stains. 
4 

6 


90% rust stains. 
#140 | #140 0:94 0-56 | Pinhead failures in brush marks. 
#140 | Z17 0-54 0-42 | Rusting and flaking, front 8%, 
back 3%. 


{ E77/6| H77/6 | 0-74 0-27 | Front, pinhead rust stains. Back, 


1 Based on visual inspection. 


The further development of these types of paint is being 
intensively studied at Cambridge, and attempts are being made to 
devise an all-purpose paint in which protective and anti-fouling 
properties would be combined. 


Parr VI.—Serres VI. Compositions FoRMULATED BY THE PAINT 
Researcu Station (Dr. L. A. JORDAN). 


(a) Experimental Details. 


Through the kindness of Dr. L. A. Jordan, another series of 
formulated paints was prepared at the Paint Research Station for 
inclusion in the tests begun at Caernarvon in January, 1942. The 
main object of this series was to explore the possibility of developing 
simple compositions incorporating certain substitute medium 
materials to meet a possible development of the supply position. 
Particular attention was paid to the effects of substituting 
coumarone resin and lanolin for rosin and linseed oil, respectively, 
in compositions of the rosin /coal-tar-pitch /linseed-stand-oil type. 
Tests on compositions in a phenolic-resin medium formulated for 
hot-application were also included. 
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Details of the painting schemes are given in Tables XXI. and 
XXII.1. Each scheme consisted of two coats of protective and one 


TABLE XXI.—Series VI. Caernarvon. Formulations of Compo- 
sitions Supplied by the Paint Research Station. 


Medium : A. | Cc. D. | F. | H. | 
(a) Compositions of Media. Parts by Weight. 

Rosin . . . . 20 ae saa” hte = an 
Coumarone . . ° ee 15 4} 4} oss 
Resins (super-Beck 1001 

& 2000,1:1) . - sae ae Se a5 5 
Coal-tar pitch c A 2 14 4} 4} see 
Linseed stand-oil . 5 aes me nen Ses 2 
Linseed stand-oil, leaded . 5 4 2 ee 
Pale boiled linseed oil es awe = ae . 
Lanolin Z 5 : See nite ne 2 ies 
‘Tung oif > ~~ é 5 aoe ce 335 ese 8 


(b) Compositions of Protective Paints. Parts by Weight. 


Painting scheme Nos. Ae bl eae 6, 7,8 9,10, 11 | 12, 13,14 15 TE, 1%, 1S) 
5, 21 19, 20 
Pigment (red iron oxide, 4; 
atomised lead, 1) 60 60 60 60 73 65 
Medium i ‘ : 21 22 22 22 24 35 
Thinners : : : 19 18 18 18 3 see 
\ 
Reference. A, | c D. | 
(c) Compositions of Anti-Fouling Paints. Parts by Weight. 
Painting scheme Nos. . 1, 3,18 6 9 
Toxins : 
Yellow mercuric oxide . 10 10 10 
Cuprous oxide . a 5 5 5 
Pigment (red iron oxide, 1; 
Paris white,1) . : 47 47 47 
Medium . . . 21 20 21 
Thinners : : : 17 18 17 
Painting scheme Nos. . 4 7 10 
Toxin: Ouprous oxide. 5 5 5 
Pigment (red iron oxide, 1; 
Paris white, 1) . 5 55 55 55 
Medium ° . ‘ 21 21 22 
Thinners 5 5 ‘ 19 19 18 
Painting scheme Nos. . 2, 5,19 8 11 
Toxin: Cuprous oxide . 14 14 15 
Pigment (red iron oxide, 1 ; 
Paris white, 1) . ‘ 48 48 “47 
Medium . . F 20 20 21 
Thinners ' : 4 18 18 17 
Painting scheme Nos. . 20, 21 
Toxins : 
Yellow mercuric oxide . 14 
Cuprous oxide . e 7 
Pigment (red iron oxide, 1; 
Paris white,1) . : 39 
Medium . . . 21 
Thinners = - . 19 


1 The formulations given here are approximate, but detailed anal 
available in the Sub-Committee’s files. yses are 


4 
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coat of anti-fouling composition. Except in one case, in which the 
atomised lead was omitted, the same pigment mixture (4 parts of 
red iron oxide and 1] part of atomised lead) was used in all the 
protective compositions. 

The toxins used in the anti-fouling compositions were yellow 
mercuric oxide and cuprous oxide. The concentrations were 
varied as follows : 

(a) () (c) (s) 
HgO. % 10 Nil Nil 14 
Cu,0. % 5 Boss 7 

In most cases the anti-fouling compositions were made up in the 
same medium as the protective composition of the same scheme; 
they were pigmented with equal parts of red iron oxide and Paris 
white. 

In all, 21 painting schemes were tested. Each was applied to 
duplicate specimens of freshly pickled steel. 


TABLE XXII.—Series VI. Results of Tests on Compositions 
Supplied by the Paint Research Station. 


(a) Painting Soest ake Nos. and Total (6) Grading at 16 Weeks.‘ Anti-Fouling. 
Anti-Fouling Paint. Anti-Fouling Paint. 
Medium. 

a. b. c. Ss. a. b. c 8 
1/0-83 er 2/0-69 aD A G A M as 
3/0-58 4/0-53 5/0-48 | 21/0-58 M b b G 
6/0-96 7/0-75 8/0-78 BEC Cc M b b aes 
9/0-98 } 10/0-91 | 11/0-96 ove D M b b wee 

12/0-91 | 13/0-88 | 14/0-75 noo F b b b a 
15/9-20 “5 ae vee H b oe ses OA 
18/1-01 520 19/0-83 | 20/0-93 S/A* M Bes b G 

ies 16/6-18 | 17/4-42 oe S/H* Hex b b on 


- Loss in Weight, 25 Weeks. 
(c) Grading at 16 Weeks.‘ Protection. @ ens ie : ft. — 


Anti-Fouling Paint. Anti-Fouling Paint. 


a. b. c. Ss a. b. 
Als b A05 b 630 A 0-77 sa) 

b b b b 0-86 0-38 
C G M M ae Cc 0-13 0-18 
D M M M D 0:32 0:29 
F M M b F 0-18 0-19 
H b coe H 0-08 rep 
S/A® b nee b b S/As 0:96 Aho 
S/H * ate b b S/H § rts 0-02 


1 Indicated thus 1/0-83. Scheme No. 1; 0-83 oz. of dry paint per sq. ft., i.e., total dry weight 
of two coats of protective scheme No. 1 and one coat of anti-fouling paint a. ; 

2 The protective paints of schemes Nos. 1 and 2 contain no atomised lead in the pigment. — 

3 The protective paint isin medium S. The anti-fouling paints arein media A and H, respectively. 

4 @=good; M = moderate; b = bad. 
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(b) Results. 


All the painting schemes fouled rapidly. After 12 or 16 
weeks’ immersion most of them were so heavily covered with 
fouling that accurate inspection of the paint film was impossible. 
Very heavy blistering was observed in most cases. In fact, the 
phenolic-resin/tung-oil anti-fouling composition applied hot in 
schemes Nos. 15, 16 and 17 parted company with the underlying 
anti-corrosive coat, so that barnacles and other marine growth were 
observed growing profusely on both the inside and the outside of 
the anti-fouling film. It is now clear that the amounts of toxins 
added to the anti-fouling compositions of the (a), (6) and (c) series 
could not have been expected to prevent fouling in the conditions of 
immersion at Caernarvon, for which at least 30 toxin units are 
necessary.! Anti-fouling composition (s), which contains 35 toxin 
units, might have been expected to do so, and, in fact, it did 
withstand fouling better than the others. 

The first conclusion, therefore, is that none of' the schemes 
tested is of any great value in preventing fouling. On return 
to the laboratory, however, it was found that the protective 
properties of several of the painting schemes were reasonably good. 
This will be clear from Table X XII., in which results are given for the 
gradings up to 16 weeks and for the losses in weight after 25 weeks’ 
immersion.? 

Omitting compositions in media H and S/H, where the low 
losses in weight observed are undoubtedly connected with the heavy 
weight of the hot-applied coatings, the best results as regards 
protection were obtained with schemes Nos. 6, 7, 8 and 12. Their 
performance is equal to or better than that of proprietary composi- 
tions graded as good in series I. and II. Protectives Nos. 6, 7 and 
8 were formulated in a 15: 14:4 coumarone/coal-tar-pitch /leaded- 
stand-oil medium and No. 12 was in a 4}: 44: 2 coumarone/coal-tar- 
pitch/lanolin medium. It may be concluded that coumarone can be 
substituted with advantage for rosin and lanolin for linseed oil in 
protective compositions of the rosin/coal-tar-pitch /linseed-oil type. 
Further research along these lines would be advantageous, particu- 
larly if more attention were paid in Great Britain to the development 
of harder and more reliable coumarone resins; care is necessary, too, 
to ensure that the lanolin does not soften the paint film too much. 
On the other hand, for anti-fouling purposes, the original rosin /coal- 
tar-pitch/leaded-stand-oil medium A has proved’ superior to all 
substitute media tested. 


1 See Section B, Part III.(f)(2). , 
_ ” The gradings are deduced from index figures calculated for the first four 
inspections at 4, 8, 12 and 16 weeks; the standard of classification into 
categories, very good, &c., is approximately the same as for series IV. (cf. 
Section B, Part IV.). The losses in weight refer to single specimens only 
after stripping the paint, i.e., they represent the weight of steel corroded. 
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As already mentioned, the experimental hot-applied phenolic- 
resin paints H failed badly; in addition, some of these coatings 
were not completely dry at the end of the tests. Despite these 
facts practically no corrosion of the steel had occurred. This is 
partly due to the thickness of the coating, but is also in line with 
the known excellent protective properties of this class of paint, 
whether formulated for cold- or hot-application. 


Part VII—ImMMEDIATE EXPERIMENTAL PROGRAMME. 


This Report of the Sub-Committee’s experimental work on 
ships’ bottom compositions is now almost up to date, and little 
remains save to give a brief account of tests now being put in hand 
and of the course that future investigations may be expected to take. 

It will be realised from what has been written that the develop- 
ment of improved anti-fouling compositions is closely lmked with 
that of improved protective compositions. It is also clear that the 
efficiency of an anti-fouling composition is determined by the nature 
and amount of toxins present in relation to the characteristics of the 
medium in which they are incorporated. Hence, fundamentally 


Formulated Paints 


Emsworth. 
Protective Paints. 
Medium varied. 

Pigments constant... 
Anti-Fouling constant. 


Millport. 
Anti—Fouling Compositions. 
Toxins varied. 


Caernarvon. 
Protective Faints. 
Pigment varied. 
Medium constant. 
Anti-Fouling constant. 


Medium varied, . 
Development of new toxins. 


Chemical Research Laboratory Woo/wich 
Accelerated Labortory_Jests Storage_Tests. 


Fia. 8.—Immediate Experimental Programme. 


the search for improved formulations for ships’ bottom compositions 
can be broken down into three separate fields of enquiry, as shown 
in Fig. 8, which represents in a diagrammatic form the activities of 
the Sub-Committee planned for the immediate future. Subject to 
such modifications as may prove desirable as the work proceeds, 
the general organisation will be as follows : 


(a) Work will be concentrated on formulated paints prepared 
specially for the investigations, with a view to developing approved 
formulations as rapidly as possible. 

(b) Three testing stations will be used for field tests : Caernarvon, 
Millport and Emsworth. The last of these will be set up shortly by 
the Admiralty Corrosion Committee under the direction of Dr. I. G. 
Slater. 

(c) A series of tests will be conducted at Caernarvon in which the 
main variable will be the pigmentation of the protective composition, 
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the same medium being used throughout and the same anti-fouling 
composition applied over each protective composition. This series 
of tests, series VII., has already been begun (September, 1942), 
and a few details are given below (Part VIII.). 

(d) A series of tests will be conducted at Emsworth in which the 
main variable will be the medium used for the protective composi- 
tions. A limited number of alternative pigments will be used in 
each medium; these will be common throughout and the same 
anti-fouling composition will be used in all cases. Arrangements 
for these tests are now in hand. 

In addition, a number of repainting tests on the proprietary 
compositions exposed in series I. and II. will be made with the 
object of building up a thick film of protective paint as rapidly as 
possible and of comparing the efficiencies of the anti-fouling com- 
positions over these thick films. To this end specimens will be 
prepared inter alia by coating initially with (a) two coats of anti- 
corrosive and one of anti-fouling composition and (b) six coats of 
anti-corrosive and one of anti-fouling composition. In case (a) the 
specimens will be removed after two months’ immersion, cleaned, 
allowed to dry and repainted in the same manner; this process 
will be repeated at two-monthly intervals. The effect of red-lead 
priming coats beneath a wide range of types of compositions will 
also be studied. 

(e) Concurrently with researches (c) and (d) the fundamental 
study of toxins and of anti-fouling compositions will be continued at 
Millport by Dr. J. E. Harris, along the lines indicated in Section C 
of this Report. 

(f) Nine painting schemes will be common to the raft tests at 
all three stations and will serve as controls. Accelerated laboratory 
tests will be made on these and other paints at the Chemical 
Research Laboratory, Teddington, using the rotor immersion 
method (see Section B, Part IIT.(h)). 

(g) Storage tests at ordinary and at tropical temperatures will 
be made to test the keeping qualities of all paints prepared for the 
research, in the latter case with the collaboration of the Research 
Department, Woolwich. 


Part VIII.—Snrizs VII. Errect or PIGMENT IN THE PROTECTIVE 
PAINT. 


The painting schemes used for the tests on the effect of pigment 
were all three-coat systems, consisting as before of two coats of 
protective and one coat of anti-fouling composition, but the same 
anti-fouling composition was used throughout. The main part of 
the series consisted of 77 protective paints and the common anti- 
fouling composition, which were formulated by Mr. F. Fancutt and 
prepared by him in the Paint Laboratory, the London, Midland and 
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Scottish Railway Company’s Research Department, Derby. The 
same medium was used for all the protective paints ; this was a 
modified phenolformaldehyde/tung-oil varnish. The pigments used 
are listed in Table XXIII. Eight of them were used singly; in ad- 
dition, there were 38 binary and 31 ternary combinations of them. 


TABLE XXIII.—Series VII. Caernarvon. List of Pigments 


Tested. 
a. Red lead g. Aluminium p. Witherite 
b. White lead h. Red iron oxide (natural) | g. Zinc chromate 
c. Basic lead sulphate | 7. Zinc oxide r. Zine tetroxy- 
d. Bauxite residue k. Mineral black chromate 
e. Barytes m. Zine dust s. Chromated zinc 
f. Graphite n. Barium chromate t. Lithopone 


The anti-fouling composition contained 8% of mercuric oxide 
and 16% of cuprous oxide in an_oil-modified phenolic-resin plus 
ester-gum base, pigmented with red iron oxide. 

Another eight formulated painting schemes were supplied through 
the courtesy of Bakelite, Ltd. These consisted of protective paints 
incorporating some of the Derby pigments (the same raw materials 
were used) in high-grade phenolic-resin media. The Derby anti- 
fouling composition was applied over these too. 

All tests were made in duplicate. One specimen of each pair 
had been weathered for 3 months and was wire-brushed before 
painting. The other was pickled in cold dilute hydrochloric acid, 
according to the Admiralty procedure, and exposed to the weather 
for 4 or 5 days; it was also wire-brushed before being painted. 

The specimens were exposed at Caernarvon between September 
10 and 20, 1942. Other tests on the effect of surface condition and on 
improved paints prepared by Dr. U. R. Evans (see Part V. above) 
were commenced at the same time, but details of these may be left 


to a future Report. 


Part [X.—OrHER Test SERIES. 

In conclusion, a few remarks may be made concerning other 
series of marine corrosion experiments which, although not primarily 
concerned with ships’ bottom compositions, have a bearing on the 
subject. These are: 


(a) Tests on various protective metallic coatings for steel ° 


conducted at Gosport and Caernarvon. 
(b) Immersion tests at’ Gosport and Plymouth on un- 


protected ordinary and low-alloy steels. 
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(a) Gosport. Metallic Coatings. 


In 1939, the Protective Coatings Sub-Committee made arrange- 
ments for a wide series of tests on protective coatings for steel other 
than paints. These were chiefly of the metallic type and included 
coatings of non-ferrous metals such’as zine, aluminium, cadmium, 
tin and lead, applied by various processes and in different thicknesses 
to 15 in. x 10-in. specimens of ordinary mild steel, § in. thick. 
Although that Sub-Committee was chiefly concerned with atmo- 
spheric exposure tests, arrangements were made for a small number 
of tests on selected coatings under conditions of complete immersion 
in sea water at the suggestion of the Admiralty representative. 

The first tests were carried out at Gosport, where specimens were > 
exposed beneath the pontoons supporting the landing stage in 
April, 1941, with the kind assistance of the Borough Engineer, Mr. 
A. Barlow, A.M.I.C.E. The conditions of exposure are such that it 
is impracticable to examine the specimens at frequent intervals, but 
trial frames of specimens were removed in October, 1941, and April, 
1942, after 6 months’ and one year’s exposure, respectively. The 
specimens on these frames consisted of two types of zinc coating— 
hot-galvanised and sprayed, respectively—and one aluminium coat- 
ing (sprayed), the tests being made in duplicate. As in the raft 
tests at Plymouth and Caernarvon, the specimens were insulated 
from the steel frames by means of a system of insulating sleeves 
and bushes. 

It should be made clear that all these specimens were exposed 
bare, 2.e., with no paint over the galvanising or other metallic 
coating. When the specimens were removed, the steel frames 
carrying them were found to be heavily fouled with sea-slugs and 
squirts; there was practically no weed and only a few minute 
barnacles. There was a striking difference in the fouling of the 
aluminium and the zinc-coated specimens. The former were as 
heavily. fouled as the frames; indeed, the deposit was so heavy that 
it contained small crabs and sand. On the other hand, at 6 months 
the only fouling on the zinc-coated specimens was a few small 
barnacles and a little short weed. The contrast is evident in Fig. 21,.- 
which shows the specimens at the time of removal after one year’s 
immersion. The difference is probably associated with the toxic 
properties of zinc. 

Particulars of the coating weights and of the losses in weight of 
the specimens, after cleaning off fouling and corrosion Sai ve are 
given in Table XXIV. It is evident that these zinc and aluminium 
coatings should continue to protect the steel for some considerable 
’ time, in agreement with the fact that visual inspection revealed no 
sign of rusting on any specimen. Some blistering of the aluminium 
coating was noted at the final examinations, although this seemed 
to have occurred between the layers of the metallic coating, and 
protection was not impaired. In general, the zinc coatings were 
smooth, apart from some shallow pin-holing of the sprayed specimens. 
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TaBLE XXIV.—Gosport. I nterim Results of Immersion Tests on 
Aluminium- or Zinc-Coated Steel. 


Coating. Loss in Weight. Oz. persq. ft. 
On reer te, | 6 Months. 12 Months. 
Aluminium. 
Sprayed . E 2 3 0:98 0-01 —0-16 1 
Zine. 
Hot-galvanised . . : 2-48 0:52 0-75 
Sprayed . 3 : é 2°13 0:26 0-71 


1 The weight increased on exposure. 


(b) Caernarvon. Series III. Paints over Metallic Coatings. 


Another series of tests on metallic and other protective coatings 
was commenced at Caernarvon in July, 1941, when twelve pairs of 
specimens were immersed. ‘Two had been sprayed with bitumen or 
bitumen plus rubber, three were painted with two coats of red-iron- 
oxide/oil paint and the remainder with three coats of naval composi- 
tions, finishing with an anti-fouling coat. Details are given in 
Table XXV. 


TapuE XXV.—Series III. Caernarvon. Behaviour of Paints over 
Metallic Coatings on Steel. 


Metallic or Other Coating. Paint. Tose in eat a 
Weight, 
; Cleaned.) ei 
Weight. . neko Oz. per oul- 
Oz. per ype. Z. per , ft. ° 
sq. ¥t. sq. it. en Weeks. 
bees I A eee | APA 
Bitumen, sprayed 18-48 | None aa 6 
Bitumen + rubber, sprayed 10-00 fie : ; : dan ae 7 
Aluminium, sprayed 0-86 igdspon:o7ije/pth paint, 2 0-33 0-19 ry 
coats 
Zinc : 
Hot-galvanised 2-52 of BF oS 0-25 0-72 18 
Sprayed 1:97 BS =F 3 0-30 0-70 16 
None: ix 
Pickled; cold dilute hydro- Naval composition, 3 coats 0-91 1-22 35 
chloric acid 
Pickled; Footner process ar Pr 7 op 0-95 0-63 36 
Aluminium, sprayed 0-94 By a A 0-95 0:37 51 
Lead, electrodeposited 4-91 sd 5 * 0-98 0-42 >54 
Zinc: 
Hot-galvanised 2-52 aA an Se) 0-84 0-70 af 
Sherardised 0-66 3 2 5 0-88 0:57 a 
Sprayed 2-17 a5 Sf As 0-96 0:54 = 


Chief interest attaches to the behaviour of the naval compositions 
over the metal-coated steel. The performance of this painting 
scheme was materially enhanced by all the coatings tested, as is 
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evident from the data given in Table XXV. for the lives of the 
anti-fouling composition, which were computed from the results of 
inspections in the manner described in Part IT. (5) above. With 
paint applied over coatings of lead or zinc, the life exceeded 54 
weeks, as compared with 35 weeks for pickled steel. This is 
confirmatory evidence of the benefit of having a satisfactory anti- 
corrosive basis for anti-fouling compositions. As will be seen from 
Table XXV., the losses in weight on exposure, which represent the 
differences between the initial painted weights and the final weights 
after cleaning,! are less in all cases than the total weight of the dry 
paint film. Hence, little corrosion of the metallic coatings has 
occurred. On inspection, in most cases these were sound and showed 
no sign of rust, except that appreciable rusting had taken place on 
the sherardised specimens, which carry the lightest coat of zinc, 
and a slight amount of rusting on one of the specimens coated with 
electro-deposited lead. 

The life of the anti-fouling paint was less on the aluminium- 
coated specimens than on the other metal-coated ones. As with 
the bare specimens at Gosport, the fouling was noticeably less on the 
zine-coated specimens (and on the lead-coated ones too) than on the 
aluminium-coated specimens. This is shown in Fig. 22, in which 
photographs of the various specimens at the time of removal are 
reproduced. The difference between aluminium and zinc coatings 
was even more pronounced in the case of specimens painted with 
red-iron-oxide/oil paint alone, obviously an unsuitable paint for 
resistance to salt-water immersion. 

There is one other point of interest. Reference is made in 
Table XXV. to specimens pickled by the normal Admiralty pro- 
cedure, immersion in 5°, by volume hydrochloric acid at room 
temperature, and to specimens pickled by the Footner process. In 
the latter procedure the mill scale is removed by immersion in 5% 
sulphuric acid at 60-65° C., the steel is rinsed by dipping twice into 
water at this temperature and is finally immersed for 5 min. in a 
bath containing 2° of free phosphoric acid and 0-3-0-5% of iron 
phosphate at 85° C. This leaves a film of iron phosphate on the 
surface, which is a good basis for paint.? 

Although there was no marked difference in the resistance to 
fouling of these two pairs of specimens, it was noted during exposure 
that the paint was adhering better to the specimens pickled by the 
Footner process and that they were less rusted than those pickled in 
cold dilute hydrochloric acid. Determinations of the losses in 
weight confirmed this conclusion, one member of each pair being 
removed in April, 1942, after 41 weeks’ immersion, and the duplicates 
when the bulk of the specimens were removed in July, 1942, after 


The paint was not stripped from these specimens, as they were repainted 


Ph the old paint with the same compositions and re-exposed in September, 
942. 


_” A detailed description of the process is given by H. B. Footner in the 
Fifth Report of the Corrosion Committee, loc. cit., p. 369. 
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54 weeks. 


The data are given in Table XXVI. 
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This, of course, is 


an isolated observation, and the matter is being studied further. 


TABLE XX VI.—Series III. Caernarvon. 


Comparison of Specimens 


Pickled in Cold Dilute Hydrochloric Acid and by the Footner 


Process. 
Pickled, Hydrochloric Acid. Pickled, Footner Process. 
Duration of L B 
Test. Total D oss on Exposure. Loss on Exposure. 
» Weeks. pee. Oz. per sq. ft. Ty Oz. per sq. ft. 
Oz. per Oz. per 
sq. ft. Ae sq. ft. 4 
Cleaned. Stripped. Cleaned. Stripped. 
41 0:90 1-42 0:65 0:94 0-75 0-21 
54 0-91 1-01 0-44 0:95 0-51 0:32 


1 The more corroded specimen ‘of each pair was removed first. Hence the 
smaller losses in weight at 54 weeks as compared with 41 weeks. 


(c) Gosport. Bare Irons and Steels. 


From time to time the question is raised as to whether there is 
any intrinsic difference in the resistance to corrosion by sea water 
of the ordinary ferrous materials of construction, ¢.g., ingot iron, 
wrought iron, mild steel, copper-bearing and other low-alloy steels, 
&c. Some evidence on this subject has been obtained in the course 
of the Sub-Committee’s investigations, and it may be of interest to 
summarise this briefly. 

In February, 1937, 80 standard specimens, 15) in. oo LOL anes 
3 in., were immersed under the landing stage at Gosport. These 
consisted of 20 specimens each of ordinary steel, 0:5°% copper steel, 
ingot iron and Scottish wrought iron. The specimens were shot- 
blasted before test. They were arranged on 10 frames, each 
carrying two specimens of each material, distributed in various 
positions beneath the landing stage. The test was continued until 
May, 1938, when the specimens were removed after 1:2 years’ 


immersion. 
At the conclusion of the test four things were observed : 


(i) The specimens were heavily covered with marine growth. 

(ii) The rust beneath the marine growth was black, 7.e., was 
incompletely oxidised. This raises the question whether heavy 
fouling may not shield steel from rusting by excluding oxygen 
from it. 

(iii) Over large areas there was a white deposit in direct 
contact with the metal which was found to consist essentially 
of calcium carbonate. The deposit had protected the metal 
beneath it, and these areas stood out in relief from the general 
surface by distances not exceeding 0-01 in. 


1943—i 2D 
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(iv) There was no appreciable pitting other than a slight 
general honeycombing of the surface which was too shallow to 
be measured with a spherometer. 


The losses in weight of the four materials are shown in Table 
XXVII. These are mean values for 20 specimens; the maximum 


TABLE XXVII.—@osport. Rates of Corrosion of Bare Steel, &c., 
in Sea Water. 


Annual Corrosion Rate. 
Material. 


Oz. per sq. ft. Mils, 


Structural mild steel: 


Ordinary . F : ‘ 3°2 
Copper-bearing, Cu0:-5% . 3-3 
Ingotiron . - : : 3:3 
Scottish wrought iron 2:8 
Mean 3-1 


Ee 


deviation of individual values from the mean was approximately 
8%. There is no difference within the experimental error between 
the rates of rusting of ordinary steel, copper-bearing steel and 
ingot iron, but the rate for Scottish wrought iron is distinctly less, 
about 15%, than that for the other materials. ; 


(d) Plymouth. Bare Ordinary and Low-Alloy Steels. 


A wider range of irons and steels was compared in a more recent 
series of tests conducted on the Plymouth raft from March to 
October, 1940, covering 7 months’ immersion. Through the 
courtesy of Monsieur L. Séguenot, specimens of nearly all the 
commercial steels included in the field and laboratory tests of the 
Corrosion Committee of the Office Technique pour l’Utilisation de 
VAcier (O.T.U.A.) were made available for this purpose. Although 
steels from other sources were included in the Plymouth tests, 
discussion will be confined here to this group of steels. 

The O.T.U.A. steels consisted of ordinary and low-alloy ° 


structural steels classified under four headings, as shown in Table 
XXVIII. : 


(a) Ordinary soft carbon steels. 

(b) Soft copper-bearing steels. 

(c) Ordinary medium-soft carbon steels. 
(d) Medium-soft copper-chromium steels. 


The breaking load of the steels in classes (a) and (b) was approxi- 


mately 25 tons per sq. in. and that of the steels in classes (c) and (d) 
32 tons per sq. in. 
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- The specimens measured approximately 8 in. X 8 in. X 4 in., 
and the mill scale was removed from them before exposure by 
pickling in 20% sulphuric acid at 40° C. with an inhibitor. They 


TABLE XXVIII.—Plymouth. Rates of Corrosion of Ordinary and 
Low-Alloy Steels in Sea Water. 


Steel. Annual Corrosion 
= Rate. 
Ref. 
Description. Analysis. %. a ee Mils. 
A, Ordinary Soft Carbon Steels (Carbon 0-038-0-11% ; Copper 0-04-0-11%). 
Basic Bessemer. 
Al Rimming, ordinary 1 Silicon 0-20 3:7 5:7 
A2 Rimming, high-phosphorus Phosphorus 0:14 3-7 5-7 
A3 Rimming, high-phosphorus and | Phosphorus 0-10; sulphur 0-07 3-9 5-9 
sulphur 
Open-Hearth. 
Ad Rimming, ordinary 3-7 5-7 
Abd Rimming, from hematite pig 3-6 5-6 
A6 Killed Silicon 0-10; aluminium 0-04 3-7 5-6 
AZT Killed, from hematite pig Silicon 0-13; aluminium 0-04 3:5 5-4 
Mean 37 5-7 
B. Soft Copper-Bearing Steels (Carbon 0-03-0-11% ; Copper 0-48-0-53%). 
Basic Bessemer. 
Bl Rimming 3-9 6:0 
B2 Rimming, high-phosphorus Phosphorus 0-15 3:4 5-2 
B2 bis | Rimming, high-phosphorus and Phosphorus 0-14; sulphur 0:07 3:3 5-1 
sulphur 
Open-Hearth. 
B3 Rimming ‘ 4:0 6-1 
B4 Killed, from hematite pig Silicon 0-04; aluminium 0-01 3-8 5:8 
B6 Dead soft, 0:08% molybdenum Carbon 0:03; aluminium 0-01; 3:7 5-7 
molybdenum 0-08 
Mean 3-7 5-7 
C. Ordinary Medium-Soft Carbon Steels (Carbon 0-22% ; Copper 0-03-0:05%). 
Open-Hearth. 
C1 Killed Silicon 0-12; aluminium 0-04 37 5-7 
C2 From hematite pig Silicon 0-03; aluminium 0-03 4-1 6:3 
a Mean 3-9 6-0 
D. Medium-Soft Copper-Chromium Steels (Carbon 0:10-0-22% ; Copper 0-41-0-65% ; Chromium 
0-42-0:51%). 
Basic Bessemer. 
D1 Killed Silicon 0-16 4-0 6-2 
D2 Killed, high-phosphorus Silicon 0-18; phosphorus 0-11 3:6 i) 
Open-Hearth. 
D4 Killed, from hematite pig Silicon 0-23 4-2 6-5 
Da Killed, from hematite pig, high- | Silicon 0-24; phosphorus 0-11 3:8 5:8 
phosphorus 
D6 Killed Silicon 0-22 4-2 °* 6-4 
Mean 4-0 61 
— | 


1 The O.T.U.A. description is obviously incorrect, since the steel contains 0-20 


were secured to t 
which were insulated in t 
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and wire-brushed. The remaining rust was removed by immersing 
them in dilute sulphuric acid containing an inhibitor. This cleaned 
the surface very easily and the amount of hydrogen evolved was 
negligible. After a final weighing, the surface of the specimens was 
examined. 

(i) Fouling.—Copious marine growth was observed on all the 
specimens when they were removed from the water; this included 
weed, mussels, limpets, anemones and calcareous worms. The 
fouling on individual specimens was compared, and it was concluded 
that there was no significant difference that could be attributed to 
differences in analysis of the steels. 

(ii) Pitting—No pitting was observed on examination after 
exposure other than a slight general roughening of the surface. 

(iii) Loss in Weight.—The losses in weight of the various steels 
are given in Table XXVIII. They have been converted by simple 
proportion into ounces per square foot per year; the equivalent 
rates of corrosion in thousandths of an inch (mils) are also given. 
The mean experimental error for the whole series, expressed as half 
the percentage difference between duplicates, was 3:1%. Since 
greater errors were observed in individual cases, it is inadvisable to 
attach importance to apparent differences between different 
materials of less than say 10%. 

There is no marked variation in the corrosion resistance of this 
range of commercial steels. If mean values are taken for all the 
steels in each of the four main groups, it is found that the rates of 
corrosion of groups (a) and (6), ordinary soft carbon steels and soft 
copper-bearing steels, respectively, are identical. It follows that the 
addition of a small percentage of copper to steel has no effect on its 
corrosion resistance under these conditions. The mean values for 
groups (c) and (d), medium-soft steels of ordinary and of copper- 
chromium qualities, respectively, are also practically identical. 
These values are slightly higher than those for the steels of series 
(a) and (b), but it is doubtful whether the difference is significant. 
It may be concluded that the joint effect of small additions of 
eke copper and chromium to these steels has had no marked 
effect. 

(iv) Conclusions —The general conclusion to be drawn from 
these tests and the earlier ones at Gosport is that it is improbable 
that there is any wide difference in the corrosion rates of the common 
irons or steels when immersed in sea water. It is certain that such 
differences will be entirely eliminated when, as is necessarily the 
case in service, the steel surfaces are covered with paint. Pre- 
sumably, under normal circumstances the rate of corrosion of a 
bare steel in sea water is determined by the rate at which oxygen 
reaches the surface. The fact that the rust under the marine 
growth is black indicates that this rate of supply is insufficient to 
enable the maximum corrosion rate to be attained. Under these 
conditions it is not surprising that comparatively small differences 


‘ 
N 
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_ in the composition of the steel do not affect its corrosion rate, but 
the possibility is not precluded that a different state of affairs might 
arise for surfaces to which the rate of oxygen supply was greater, 
e.g., Steel plates moving rapidly through the open sea. It is also 
possible that fouling tends to interfere with the diffusion of oxygen 
to the steel surface. 


Section C.—Anti-Fouling Investigations.1 
By J. E. HARRIS, Pxu.D. (INVESTIGATOR). 


Most of the work referred to in this Section has been carried 
out at the laboratory of the Scottish Marine Biological Association, 
situated in the Clyde estuary at Millport, Isle of Cumbrae. Two 
experimental rafts are maintained there at different sites, charac- 
terised by two somewhat different types of fouling. 

In addition to the valuable help given by individual Members 
of the Sub-Committee, acknowledgment is due to Miss F’. A. Stan- 
bury and Mr. H. Barnes, who have spent their spare time at 
Plymouth Technical College working on the problem, and to Dr. 
M. F. Mare, of Newnham College, Cambridge, and Mr. K. A. Pye- 
finch, of University College, Nottingham, who during the summer 
of 1942 worked at Millport with the author. The voluntary help 
of this team of workers as well as of many others who have assisted 
in various portions of the work is greatly appreciated. 


The prevention of fouling is a problem which requires a very 
thorough study from the biological as well as from the chemical 
point of view, since a detailed knowledge of the organisms concerned 
together with their mode of life is required in order to interpret 
differences between surfaces fouled under different conditions of 
toxicity, season and duration of exposure, &c. A study of the 
physiology of the organisms may also make it possible to devise 
specific methods for preventing their attachment and growth. 

From the biological point of view, the fouling of a surface 
presents a problem in colonisation both by plants and by animals 
which is being carefully studied. It will be advantageous to give a 
brief description of the organisms involved, in order that the 
subsequent account of the work can be more easily followed. 


Part I.—Tue Foutina ORGANISMS. 


When a sheet of non-toxic material is immersed in the sea at 
certain times of the year a community of organisms rapidly appears 
upon it. Included among these organisms may be : 


1 Received November 6, 1942. 
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(i) Marine bacteria, many of which secrete a coherent slimy 
film over the surface. This film has been shown to differ 
considerably in its properties when formed on different types of 
surface and on toxic surfaces of different degrees of toxicity. 

(ii) The young stages (spores) of seaweeds of many types. 
Some of these proceed to develop directly into long single or 
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branched threads attached only at their bases; others grow 
out over the surface to form a broad attachment disc before 
they commence to sprout free shoots. 

(Gii) Diatoms—minute plant cells occurring singly, in chains 
or in masses, living in branching tubes of mucus or growing at 
the free ends of mucous stalks. These may form a thick slimy 
layer over the surface, or long trailing brown threads similar 
in appearance to certain seaweeds. 

(iv) The larval forms of many sessile marine animals. These 
are all microscopic free-swimming organisms, capable at a 
certain sharply defined stage in their development of settling on 
a suitable surface, to which they attach themselves by a 
cementing organ. When the attachment is accomplished a 
profound change in form occurs; this metamorphosis produces 
an adult organism, of which the mode of life is quite different 
from that of its larva. As the animal grows, more and more 
cementing material is laid down beneath its increasing surface 
of contact, and the attachment rapidly becomes so secure that 
only severe mechanical damage will dislodge it. This sequence 
of events is found in barnacles, calcareous tubeworms, ascidians 
(sea-squirts) and polyzoa. Mussels settle in a form not unlike 
the adult, attaching themselves by cementing threads. The 
attachment and growth of hydroids follows a more plant-like 
pattern; the larva settles and grows out over the substratum 
as a series of branching tubes, from which at intervals arise the 
stalks bearing the main body and feeding organs of the animal. 


When such a surface has reached the stage of heavy fouling and 
is examined under water, the general impression gained is that of 
a miniature wood or forest of vegetation containing numerous animal 
forms. Such a community is shown in diagrammatic form in Fig. 9. 
On analysis it can be resolved into the following fairly well defined 
layers : ; 


(a) A basal carpet, comprising the bacterial slime, many of 
the diatoms and the attachment systems of seaweeds and 
hydroids. 

(b) A filamentous layer, growing up from the carpet, including 
filamentous seaweeds and diatom chains. This type of growth 
is found at certain seasons of the year to be the dominant form 
on plates which are not heavily fouled. 

(c) A shrub and tree layer, composed of taller and frequently 
tufted growths of the larger seaweeds and hydroids. On a 
heavily fouled surface the presence of a dense growth of this . 
type progressively eliminates other plants and diatoms and 
prevents the growth of those which may settle later. Such 
biological eaclusion must be carefully allowed for in assessing 
the toxicity of a surface by the presence or absence of a 
particular organism. The division of this layer into a shrub 
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and a tree layer differing in height is mainly significant as 
representing different stages of growth of the same organisms. 

d) Animals found in the community may include any or 
all of the forms listed in (iv) above. 


The population found on a panel at any one period is determined 
by the stage reached in a process of progressive colonisation. The 
development of the community is determined largely by seasonal 
changes in the number of infective organisms and also in the case 
of a .toxic surface by the toxicity at the period of maximum 
settlement of each species. : 

From the shipowners’ point of view, the first two categories (a) 
and (b) comprise what are usually called “ slime,” and the last two 
(c) and (d) correspond to the more obvious “ fouling.” 

A detailed biological analysis made in the above manner is of 
direct practical importance, first in providing data -for the deter- 


Barnacles|_____ U/7EESEEERA/77,_———s| 
Hydroids [id CASE 
Ascidians |_|} 


Mussels 
Tubeworms 


Maretatatanct 


Fie. 10.—Caernarvon and Millport, 1941-42. Seasonal settlement of fouling 
organisms. Heavier settlement is indicated by cross-hatching, the period 
of lighter infection by single-hatching. 


mination of the effect of various toxins upon particular kinds of 
fouling organisms, and secondly in indicating complicating factors, 
such as seasonal effects and biological exclusion effects, which may 
otherwise cause errors in interpretation. Seasonal effects are 
caused by differences in numbers and types of spores and larvee 
available at any one period, since many fouling organisms have a 
restricted breeding period (see Fig. 10). 

The widely differing sensitivities of different organisms to the 
metallic toxins commonly used in anti-fouling paints are clearly 
shown in Table XXIX., which summarises a few of the results 
obtained from analyses made in the above manner. The frequency 
of occurrence of each organism has been assessed on an arbitrary 
numerical scale, and each figure represents the average of observa- 
tions on six communities. 

From Table X XIX. it may be seen that Laminaria (the large . 
brown oarweed seen at low tide on the shore) and Ulva (the sea 
lettuce) are very sensitive to metallic poisons, while red seaweeds 
are somewhat less so. Schizonema (a colonial diatom which lives 
in mucous tubes) and Hctocarpus (a small fluffy brown seaweed) 
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are much less sensitive than the above; Hctocarpus, for example, 
which is common in ship fouling, is not completely eliminated by 
the most toxic paint of the series. The small amount of Hctocarpus 


TABLE XXIX.—The Effect of Varying Concentrations of Copper 
and Mercury upon Fouling Organisms. 


Assessments made after 23 weeks’ immersion, from February to July, 1942. 


Copper. %. 
Mercury. 
Ge 
0. 6. 12. | 18. 0. 6. 12. | 18. 0. 6 | 12 18. 
Laminaria. Ulwa. Red Seaweeds. 
0 1-2 0 0 0 2°9 0-8 0:2 0 2:8 1:3 0-7 0-2 
5 0 0 0 0 0 0 | 0 | 0 2-2 | 1-2 0) 0 
10 0 0 0 0 0 0 0 0 1-2 0-2 0 0 
Schizonema, Ectocarpus. Obelia. . 
0 0-7 1-9 0-9 1:7 0-3 2-0 2-4 2:3 2-1 1:7 0-2 0 
5 2-7 0-6 0 0 1:8 1-9 1:0 0-7 (i) 0 0 0 
10 0-8 0 0 0 1:3 0-9 0-2 0-2 0 0 0 0 


and Schizonema present on paints containing no copper or mercury 
is an example of biological exclusion described above; the large 
numbers of other organisms present have prevented. the successful 
development of these two forms. 

Similar results have been obtained for animal fouling organisms ; 
for instance, as shown by the data in Table XXIX., Obelia (one of 
the common hydroids) is very sensitive to mercury and copper. 

Where conditions are such that the principal fouling organisms 
are limited to one or two types, the above results suggest that the 
most practical anti-fouling coat may prove to be one specially 
designed for the elimination of such types, which may be characteris- 
tic of the itinerary or period of working of the vessel concerned. 

Another point brought out by biological analysis is illustrated 
in Table XXX. The barnacle populations on equal areas of 


Tapie XXX.—Barnacle Populations on Paints of Different 
Toxicity. 


Area analysed in each case: 8 in. x 4 in. 
Total time of exposure: 22 weeks, February—August, 1942. 


Anti-fouling paints containing no copper. 


Barnacle Size. Mm. >8. 8-2. 
Age. Weeks. 22-8. 8-4, 4-0. Total 
Exposure Period. Weeks. 0-14. 14-18. 18-22. Barnacle 
Population. 
Mercury Content ofPaint. %.- Number of Barnacles. 
0 352 52 0 404 
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three paints of different toxicity have been divided into size 
groups which correspond to different ages of barnacles. On the 
non-toxic paint 352 barnacles had settled during the first 14 weeks 
of exposure, while during this same period only 4 had settled on 
paints containing 5% or 10% of mercury (as oxide). Between 
14 and 18 weeks, 44 settled on the 5% mercury paint and only 20 
on the 10% mercury paint, while in the last 4 weeks of exposure 
(18-22), 60 settled on the former and only 24 on the latter. Evidently 
the paint surface containing 5% of mercury began to lose its 
toxicity after 14 weeks, while that containing 10% of mercury was 
still appreciably poisonous after 22 weeks of exposure. The absence 
of small barnacles from the non-toxic plates in later stages of the 
exposure is explained as a simple case of biological exclusion; 
the larger barnacles present covered the whole of the surface, 
and there was no space left for the later settlement of younger 
organisms. ; 

Table XXXIJI. furnishes another example of this technique 
applied to paints containing very high percentages of toxin (24% of 


TaBLE XX XI.—Barnacle Populations on Paints of Different 
Permeability. . 


Area analysed in each case: 8 in. x 4 in. 

Total time of exposure: 22 weeks, February—July, 1942. 

oo Meee: contained 24% of copper (as Cu,0) and 15% of mercury (as 
gO). 


Barnacle Size. Mm. E a 
Age. Weeks. is 4. -0. Total 
Exposure Period. Weeks. 5 2 Barnacle 
(ante EOD TAION. 


Number of Barnacles. 


44 
0 


copper and 15% of mercury, as oxides) in two different media. The 
media used were oil-bitumen varnishes of two different oil lengths.1 
The paints made with the varnish of high bitumen content allowed 
considerable numbers of barnacles to settle even during the first 
10-14 weeks of immersion. In view of the very high toxin content, 
this effect could not have been due to early loss of toxicity and must 
indicate a lack of permeability of the paint medium. The second 
paint, containing a smaller proportion of bitumen, completely 
prevented barnacle settlement for the whole of the first 18 weeks of 
exposure. 

Later in this Report a number of Tables showing the performance 
of different types of paints will be given. Tables XXX. and XXXI. 


* The “length” of an oil-bitumen varnish refers to its proportion of oil 
to bitumen; a long oil varnish has a high oil content. 
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are merely intended to indicate the way in which a detailed biological 
analysis of the community can assist in evaluating the performance 
of an anti-fouling composition. 


Part II.—StaGes IN Foutine. 


(a) The Bacterial Slime. 


The earliest stage of fouling on many paint surfaces is the 
_ production of a bacterial slime, which may vary in thickness and in 
mechanical properties (coherence and mechanical stability), depend- 
ing on both the type of bacteria responsible for its production and 
the paint on which it is produced. It has been possible to grow 
marine bacteria successfully in media containing copper in con- 
centrations greater than 1: 100,000, which is well above what is 
required to saturate sea water, so that it is not surprising that 
all anti-fouling films so far investigated possess such a bacterial 


TABLE XXXII.—Slime Formation on Paint Surfaces. 
F = Weed fouling. S =slime. 


Type of Paint or Surface. 


Dura- 

tion. 17% 

Days Non- 9, 9 ty) i. Oopper 

> he a ovo 20 70 ao 108% Resin- | Glass. 
. He. ~ 
10/7/42 to] 10 Ft) xx _ — — x 
20/7/42 S*| 2-0 1:75 1:0 0-75 5 
10/7/42 to] 17 Ft) xxx —_— _ _ 
27/7/42 S*| 2-9 2-7 1-75 15 
20/7/42 to| 14 Ft] xxx x — = 
3/8/42 S?] 5-25 3-0 3-0 1:25 


1 The amount of weed fouling is indicated by : 
— nil. x x slight amount. x Xx X X considerable amount. 
x trace. x x x fair amount. 


2 The units employed in the measurement of “ slime ” in Table XX XII., Fig. 11 and Fig. 12 are 
all different, since different methods of assessment were used in each case. In Table XXXII. the 
amount of slime was estimated by a gross visual comparison of the surfaces; in Tig. 11 the units are 
based on a quantitative determination of the amount of dyestuff leached from the preparation; in 
Fig. 12 the units are based on a microscopic count of the numbers of organisms found in the slime. 


film. Nevertheless, the amount of slime developed furnishes an 
index of the toxicity of the surface on which it forms, provided 
that the surfaces compared are similar in other respects. Table 
XXXII. contains the results of an experiment on these lines. It 
shows that on five paints all made in a similar paint medium the 
amount of slime developed was closely related to the anti-fouling 
effect of the paint. That the relation is only true for similar types 
of surfaces is indicated by the figures given in Table XXXII. for 
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three other surfaces on which the relation of slime to fouling differs 
appreciably from those of the preceding five examples. A coating 
of a waxy composition containing rosin and cuprous oxide and also 
a coating of commercial copper resinate both produced very heavy 
slimes, even though they were slightly anti-fouling in their action, 
while plain glass slides, though fouling rapidly, developed very little 
slime. , 

It has been found possible to measure the amount of slime 
formation quantitatively with considerable accuracy by staining 
the slime film with methylene blue. The colour absorbed is 
subsequently leached out, and the amount of dyestuff estimated 
colorimetrically. Using this technique, which is also applicable to 
painted surfaces, the amount of slime formation can be accurately 

estimated within a period of> 


ae 2448 hr. after immersion. The 
S Fe graph, Fig. 11, shows the devel- 
= opment of slime on a glass 
a 30 surface immersed in sea water 
~ for 4 days, as measured in 
& 20 this manner. These experiments 
s may have considerable practical 
® 10 importance in view of the speed 
: with which differences between 

A: a a 35-36 ~-—«Caints of varying toxicity be- 


Duration of Exposure, Hr. come apparent. Not only is it 
: possible by this method to de- 
Fid..11.— Development of slime oh "| “farming the toxicity Of thelae 

a glass surface in sea water in the nee : 

laboratory (see footnote No. 2 to face within a very short period, 

Table XX XII.). but, since the seasonal effect is 

much less marked for slime for- 
mation than for fouling, it is possible to carry out experiments on 
these lines all the year round—work need not be limited to the foul- 
ing season. 

The relationship between slime formation and the settlement of 
other organisms is important. Experiments with glass surfaces 
have shown that a bacterial slime of appreciable thickness is not 
a necessary preliminary to the settlement either of plants or of 
animals. It is also true that the primary bacterial slime’ film is 
not necessarily permanent, since more or less extensive stripping 
may take place. 

Previous published work has suggested that the presence of a 
thin bacterial film definitely favours the attachment of larger 
organisms. The significance of the part played by slime in+the 
early stages of fouling thus needs further elucidation. In this con- 
nection it may be noted that on the panels at Caernarvon slimes 
due to bacteria or diatoms have always been recognisable before 
any of the larger alge were apparent. 

The chemical implications of slime formation are also important. 
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Certain waxy paints, which form very heavy slime layers, do not 
develop large-scale fouling for very long periods. It is possible that 
on such paints the slime film (which frequently contains resistant 
diatoms as well as bacteria) may accumulate the poisons diffusing 
from the paints to a sufficient extent to protect the surface against 
settlement of the larger organisms. 


(b) The Diatom Flora. 


The diatom growths which form freely on specimens immersed 
on exposure rafts occur less commonly on ocean-going ships, and 
they may play only a minor part in practical problems of fouling. 
They are, however, useful to the investigator, since they also provide 
a means of estimating the toxicity of the surface soon after its 
immersion in sea water—long before any visible signs of plant or 
animal fouling on a large scale appear. This point is illustrated in 
Fig. 12, where the amount of slime formed on various test panels 


Amount of Slime (Arbitrary units.) 


Si /O Is RO ee) ee) 45 50 
Toxic Index. (=x% of Cu + 2x% of Hg.) 


Fic. 12.Caernarvon. Correlation of slime formation and paint toxicity 
(see footnote No. 2 to Table XXXITI.). 


November, 1941, is plotted against the toxic 
plied to them. The correlation is sufficiently 
good to raise the hope that by the use of such indicator organisms in 
combination with accelerated breakdown methods for the paints, 
anti-fouling tests which might normally require a year to perform 
could be carried out within a week or two. As some diatoms 
reproduce at all seasons, with increasing knowledge of the properties 
of the organisms concerned it should also be possible to use this 


method at all times of year. 


exposed from May to 
index of the paints ap 
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(c) The Process of Attachment of Higher Organisms. 


All evidence goes to show that the toxicity of a surface has little 
effect on the growth of an organism once firm attachment has taken 
place. If methods could be found which would prevent permanent 
attachment, considerable progress would be made towards a solution 
of the anti-fouling problem. The prevention of permanent attach- 
ment may be achieved either by the inclusion in the paint of 
substances exerting a repellent or lethal action in the settling stages 
or, alternatively, by the inclusion of substances which prevent the 
adhesion or setting of the cementing substances. The second 
possibility necessitates a study of the chemical properties of the 
cement, the méchanism of its adhesion and the subsequent setting 
process. Initially the cement secreted by the barnacle larva is 
being studied, as the barnacle is one of the most important of the 
persistent fouling organisms. It has been possible to rear the 
common fouling barnacle from its free-swimming larva to the fixed 
stage in the laboratory, which greatly facilitates the study of the 
fixation process. The cement produced by the barnacle is chemi- 
cally similar to a secretion produced by many of the larger crustacea. 
Since such organisms provide much larger quantities of material for 
investigation, the opportunities for the study of the cementing 
process have thus been substantially increased, and experimental 
work along these lines is in progress. Work is also being carried 
out on the secretions of other animals, such as calcareous tubeworms 
and hydroids, which may produce a cement having chemical 
properties similar to that of the barnacle. It is planned to carry 
out other experiments on plant material where the cementing 
substances may be rather different. z 


Part III.—Anti1-Fountine Compositions. 
(a) Inorganic Poisons. 


In order to elucidate the general principles underlying the action 
of anti-fouling compositions, a large number of raft tests, involving 
the use of both inorganic and organic poisons in various types of 
paint medium, are in progress. The performance of some 500 of 
such formulated compositions has so far been determined, and the 
principal results of these experiments are summarised in Tables 
XXXII. to XXXITX. A preliminary series of determinations 
made in 1941 indicated that, among the inorganic poisons commonly 
used in anti-fouling paints, mercury was almost twice as effective 
against weed fouling as copper (weight for weight), while arsenic 
was almost ineffective. Against animals, particularly barnacles, 
mercury was relatively much more effective than against seaweed, 
being at least three times as effective as copper against barnacle 
fouling. Arsenic appeared to be similarly ineffective against shell 
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fouling. These results were extended and confirmed in a series of 
sd tern in 1942, which are summarised in Tables XX XIII. and 


TaBLE XXXIII.—Anti-Fouling Compositions. Combined Effects 
of Copper and Mercury as Cuprous and Mercuric Oxides. 


Each value is an average of approximately six tests. 
S Period of test, 23 weeks, February—August, 1942. 


ee et Me. Weed. Hydroid. Barnacles. | 
0 0 5-52 2:17 5-67 
3°63 0-17 0 
3°35 0 0 
1-2 2:8 
3-07 0 0 
1-38 0 0 
0-17 1-0 
1:33 0 0 
1-00 0 0 
0 0 
2-00 0 0 
1-83 0 0 


The relative effectiveness of copper, mercury and arsenic in 
preventing plant and animal fouling was similar to that found in 
the earlier experiment, though the effect of mercury against 
barnacle fouling was even greater than had previously been supposed ; 
5°%: of mercury was as effective as, and probably even more so than, 


TapLe XXXIV.—Anti-Fouling Compositions. Hffect of Arsenic 
(as As,O3). 
Period of test, 23 weeks, February—August, 1942. 


As,Os. %: 

Number of tests : 
Weed . ; 3 3 2-770 2-96 2-98 
Hydroid . : ; 0:38 0-36 0-17 
Barnacles . : C 0-79 0:55 1-00 


18% of copper in this respect. Table XXXV. shows that the 
effect of a constant weight of different copper toxins is apparently 
determined principally by their copper content, the high effect of 
the copper bronze and cuprous oxide contrasting in this respect 
with the lower anti-fouling effectiveness of the sulphocyanide and 
the still lower value for Paris green. 
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The solubility in sea water and the effective surface area of the 
pigment particles, however, also play a part in determining the 
effectiveness of copper pigments in normal paint media. 


Taste XXXV.—Anti-Fouling Compositions. Effects of Different 
Copper Toxins. 


Period of test, 20 weeks, March—August, 1942. oy 
10% of toxin was added to the anti-fouling composition in each case. 


| 


Toxic pigment : Cu. Cu,0. CuCNS. Paris Green. 
Number of tests : 12. 12. 12. 


Cu in pigment. % : 100 89 52 
Weed fouling . . 5 : 


(b) Organic Povsons. 


The high toxicity of certain organic compounds (such, for 
example, as are used in insecticides, fungicides, &c.) has prompted 
a study of their action on marine animals and plants both in the 
laboratory and when combined in paint films. Nearly a hundred 
such compounds have been tested on marine organisms, and some 
forty of these have been incorporated in anti-fouling compositions. 
The importance of this work lies in the fact that it may be possible 
to replace the expensive mercury oxide, which is in very short 
supply at present, by a synthetic organic compound which is more 
readily available. The possibility of replacing cuprous oxide is, 
perhaps, less important, and tests with organic compounds have 
therefore included paints containing cuprous oxide as well as paints 
made with the organic poison only. : 

The results obtained with these compounds have been anomalous. 
Almost without exception the forty compounds tested in paint 
films have been at least as toxic as copper to marine organisms in 
sea-water cultures, and some of them have been far more toxic than 
mercury when tested in this manner. On the other hand, the anti- 
fouling efficiency of paints formulated with these organic poisons 
varies from a negative value—the organic substance appears to 
act as an attractant or as a growth stimulant—to a positive anti- 
fouling efficiency, which is, however, far less than would be expected 
from the toxicity of the compound when dissolved in sea water. 
There is no obvious relationship between chemical constitution and 
toxicity; the only generalisation which can be made at the moment 
is that substances which possess an irritant as well as a lethal action 
are likely on the whole to be more effective than those which do not 
possess irritant properties. 

The equilibrium between the poisons present in the paint film 
and in the adjacent volume of sea water is likely to be of importance 
in determining the anti-fouling efficacy of the film. Methods have 
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been developed for the micro-analysis of copper and mercury in sea 
water, and chemical studies of the rate of leaching from the paint 
film of ionic copper and mercury and also of organic compounds are 
in progress. 


(c) The Paint Medium. 


The discovery of suitable poisons is only one part of the solution 
to the anti-fouling problem; an equally important part is played 
by the paint medium, which has to provide for durability of the 
coating together with continuous availability of the poison contained 
init. The two requirements are difficult to satisfy at the same time. 
The problem of durability is being examined with the assistance 
of paint technologists; the various mechanisms by which the 
toxin can be made available by the medium are also receiving very 
careful study. Tables XXXVI. and XXXVII. illustrate the effect 
of the paint medium on the anti-fouling properties of paints - 
containing cuprous and mercury oxide. 

Table XXXVI. illustrates the ineffectiveness of a highly 


TaBLE XX XVI.—Anti-Fouling Compositions. Effect of Medium. 


Period of test, 23 weeks, February—August, 1942. 

Medium 1121: Linseed-oil/rosin/coal-tar-pitch. Lead drier. 
Medium 1111: Linseed-oil/rosin/blown-bitumen. Lead drier. — 
Medium 2047: Gilsonite/tung-oil. Lead, manganese, cobalt driers. 


Medium No.: 1721, TAT. 2047. 

Number of tests : 35. 34. 21. 
Weed . j ; - 2:90 2-90 4-36 
Hydroid 2 : 2 0:31 0-29 1:81 
Barnacles . : A 0-74 0:82 4:10 


impermeable gilsonite/tung-oil medium in comparison with a 
linseed-oil/rosin medium. The durability of the gilsonite /tung-oil 
medium is satisfactory, but it is quite unsuitable for an anti-fouling 
paint. An instructive example is provided by Table XXXVIIL., 


Tasiue XXXVII.—Anti-Fouling Compositions. Lffect of 
Bitumen Oil Ratio in Bituminous Media. 


Period of test, 23 weeks, February—August, 1942. 


+ 
i i iol: 5) Le 4:1, Crk. Sibi 
geen at : if tee 
Weed . ‘ H , 3°91 3-88 4-39 4:46 
Hydroid ‘ E F 0-18 0:41 0-29 D378 
Barnacles if : ‘ 2°17 1:76 2-06 3°25 
ai 
1 A leaded linseed oil was used. 
E 


1943—i 
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which shows the effect of increasing the relative amount of bitumen 
in a bitumen/oil-varnish medium containing copper and mercury 
oxide. The decrease in anti-fouling efficiency when the bitumen / 
oil ratio is raised above 4: 1 is clearly shown. 

The “‘ permeability ” of the paint to the poison can be raised by 
increasing the total pigment content of the paint by the addition of 
suitable organic fillers. This is illustrated in Table XXXVIII. The 
difficulty here is that the increase in total pigment volume beyond a 
certain point decreases the durability of the paint. If it is possible, 
by changing the type of medium, to increase the pigment content 
very considerably, an appreciable improvement in the anti-fouling 
efficiency of the paint may be expected. 


TasBLe XX XVIII.—Anti-Fouling Compositions. Effect of Total 
Pigment Content. 
Bitumen/linseed-oil medium. 
Period of test, 23 weeks, February—August, 1942. 


Total pigment content. %: 50. 60. 70. 
Number of tests : 24, 21. 22. 
Weed . E = 4 4-74 4:08 
Hydroid |. . 0-58 0-05 
Barnacles . ‘. ; 3:09 1-86 


Surprisingly little is known of the actual chemical mechanism by 
which a poison such as copper produces its anti-fouling action. It 
is found that many of the higher fouling organisms (as well as 
marine bacteria) are not poisoned by a saturated solution of ionic 
copper in sea water; some mechanism must therefore exist whereby 
the organism receives an extra lethal dose. The chemical equili- 
brium between the copper pigment, the free fatty acid in the 
medium and the sea water is being investigated. Surface toxicity 
(which may involve a repellent as well as a lethal action on certain 
organisms) may be maintained (a) by direct penetration of fat- 
soluble copper compounds into the organisms, (b) by local acidity 
which leads to an increase in the saturation equilibrium of ionic 
copper, or possibly (c) by a simple supersaturation process. Tests ~ 
on the rate of leaching-out of copper from proprietary anti-fouling 
paints suggest that many of them appear to rely for their toxic 
properties on an almost catastrophic mechanical breakdown of the 


‘paint film, which is bound to be associated with excessive toxin loss 


and poor durability. Fundamental studies of the type indicated 
above may point to means of overcoming this difficulty. 


(d) The Effect of the Protective Undercoat. v 


It is obvious that if the protective undercoating fails to adhere to 
the hull or to the overlying anti-fouling film, the composition will be 
rendered useless, since the anti-fouling paint will be completely 
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removed by flaking. This phenomenon is of common occurrence in 
proprietary as well as in experimental anti-fouling paint systems. 
But there are more complicated interactions of the two paint layers. 

Table XX XTX. shows the fouling on a series of very impermeable 
bitumen-oil paints containing high percentages of metallic toxins, 
painted over four different anti-corrosive undercoats. The results 
are surprising but very clear-cut; the best anti-fouling efficiency is 
procured over the worst undercoat. This anomaly probably has a 
very simple explanation: The breakdown of the undercoat in its 
initial stages weakens the impermeable anti-fouling coating 
sufficiently to permit the enclosed toxins to escape and exert their 
poisonous action. The anti-fouling medium used was sufficiently 


TaBLE XX XIX.—Anti-Fouling Compositions. Effect of Anti- 
Corrosive Undercoats. 


Period of test, 23 weeks, February—August, 1942. 
Anti-corrosive paints; all bitumen-oil media : 
0-1 with red oxide only. 
0-2 with red oxide and atomised lead paste. 
0:4 with lead chromate, silica and zine oxide. 
0:52 with aluminium powder. 


Anti-fouling paint, 24% of copper as Cu,O and 15% of mercury as HgO 
in bitumen-oil medium. 


Anti-corrosive No.: 0-1. 0-2. 0-4. 0-52. 
Number of tests : 6. 27 18. 36. 
Weed . : : : 2-38 3-58 3°81 4-70 
Hydroid 4 fi - 0 0-26 0:50 0:36 
Barnacles : : 2 0) 1-45 1:83 3-04 
Blistering : : ; 52 37 32 2 


strong mechanically to prevent total breakdown for some time; 
ultimately, however, the whole paint system, including the bad 
undercoating, flaked off completely. It is clear that if a normal 
type of anti-fouling coating had been used instead of a highly 
impermeable bitumen-oil type, the loss of toxins from the weakened 
film would have been so great that the whole system might have 
failed by fouling before complete breakdown had occurred. 

Where the undercoat permits rusting which penetrates the anti- 
fouling coat in spots, rapid loss of toxins occurs at these points and 
fouling organisms readily settle on the rust spots. A study of the 
correlation of fouling with rusting on 92 painted panels? showed 
that fouling always follows rusting and that there is no evidence 
that the presence of fouling organisms on a panel brings about 
subsequent rusting (except where the organisms may become 
detached, carrying away with them the adherent paint film). 

The inorganic anti-fouling toxins are all highly corrosive agents, 


1 Caernarvon, series II., proprietary paints. 
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and an inefficient anti-corrosive undercoat will have its breakdown 
accelerated in presence of the anti-fouling composition. The best 
anti-fouling system requires a perfect anti-corrosive undercoating 
coupled with a completely compatible anti-fouling coating which is 
durable but presents a continuously toxic surface, preferably with 
the minimum possible loss of toxic material into the surrounding 
sea water. 


Part IV.—TuHE Founine oF SHIPS. * 


Upwards of sixty samples from ships have been examined, and, 
with the exception of vessels frequenting shallow waters, they have, 
on the whole, a more limited flora and fauna (i.e., fewer species) than 
are found on test panels exposed on rafts. Part of this difference is 
probably due to the limited flora and more limited opportunities for 
infection in the usual ports of call. Those seaweeds, like Ectocarpus 
and older plants of Enteromorpha, which have a spreading attach- 
ment organ will probably withstand the force of the water movement 
better than others which are less securely attached and which may 
be torn off during the motion of the ship. Ectocarpus and Entero- 
morpha are both very frequent members of the fouling growths on 
ocean-going vessels; even though the plants of Hctocarpus themselves 
may not be visible, their attachment systems persist, and these may 
provide anchorages for weed of other types to settle on later. 
This suggests that if the specific organisms which provide these 
“moorings ”’ can be eliminated, it is possible that a great deal of 
the weed fouling will fail to attach successfully. 

While every effort is made to visit ships in dock as often as 
possible, and while it is realised that small- and large-scale tests on 
ships must be the ultimate criterion of the success or failure of an 
anti-fouling coating, this is difficult to achieve in war time. The 
Sub-Committee would very much welcome the planned co-operation 
of any shipowners who would be prepared to send for examination 
samples of marine fouling from ships when they are docked, and/or 
to provide facilities for tests to be made on sea-going vessels. 

The possibility of the elimination of specific types of organisms 
(frequently referred to above) suggests that the most practicable 
anti-fouling coat may prove to be one specially designed for the 
condition of work of the individual vessel—taking into account such 
factors as speed, itinerary, length of time in port, most convenient 
periods for docking, &c. Data concerning foul ports, exceptional 
cases of fouling and similar matters of general interest represent a 
further valuable source of information, in the collection of which 
the Sub-Committee would welcome the fullest possible collaboration 
of the shipping industry. 
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DISCUSSION. 


Dr. G. D. Bencoues, F.R.S. (Chairman of the Sub-Committee), 
in introducing the Report, said: I have already on two occasions 
in the last few weeks discoursed at some considerable length on the 
work of the Marine Corrosion Sub-Committee.t You will hardly 
wish me to speak a third time on the subject, and so I shall leave 
the presentation of the Report very largely to our two investigators, 
Dr. Hudson and Dr. Harris. I wish merely to point out that the 
present Report is a preliminary one. It gives a picture of the 
problem as it appears to the Sub-Committee and an account of 
the work done by the Sub-Committee down to about the end of 
last September. 

This problem is a very complicated one indeed. It involves 
biological studies as well as physical. When we started this work 
we had to define the problem before we could attack it, and that 
was difficult to do. In this preliminary Report we do not attempt 
to give solutions of the problem; it is too early to do so; solutions 
—or preliminary solutions, at any rate—may be given in the next 
Report. We have already done a considerable amount of work 
which will be embodied in a second Report, but I do not want to 
anticipate that in any way at all. 

We have already had two considerable discussions by a large 
number of people on this preliminary work, and it so happens that 
when we were discussing it before the Institution of Naval Archi- 
tects a good many of the speakers were Members of the Sub-Com- 
mittee. We hope that to-day many Members of the Institute and 
visitors who are not Members of the Sub-Committee will discuss the 
Report, and will have new ideas and criticisms to put forward; we 
shall welcome both. 


Dr. J. GC. Hupson (Official Investigator, Birmingham), who 
introduced Section B, dealing with marine corrosion tests, said: I 
should like to refer to series IV. of the tests, which is concerned 
with the effect of surface condition and of temporary protective 
coatings applied to prevent rusting during the preliminary weather- 
ing period on the behaviour of ships’ bottom compositions applied 
to steel plates. Results obtained up to the time when the Report 
was written are given in Table XVI. These results can now be 
made clearer by expressing them in terms of the lives to failure by 
corrosion of the various specimens, which can be computed from 
data which have become available since that time. Thus the con- 
clusions given on p. 387 P concerning the behaviour of painting 
scheme A can be restated as follows : 


1 G. D. Bengough and V. G. Shepheard, “* The Corrosion and Fouling of 
Ships,’’ Institution of Naval Architects, Apr. 15, 1943. G. D. Bengough, 
“Hull Corrosion and Fouling,’’ North-East Coast Institution of Engineers 
and Shipbuilders, Apr. 16, 1943. 
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(i) In the case of six surface treatments in which temporary 
coatings of red lead paint were applied, the average life exceeded _ 
50 weeks. For six similar surface treatments where red iron 
oxide paint was used instead.of red lead, the average life was 
17 weeks. 

(ii) The life of painting scheme A on freshly pickled steel 
was 18 weeks, but when the pickled surface was weathered 
for 105 days before the composition was applied the life increased 
to more than 60 weeks. If a coat of red lead paint was put 
on between the pickling and the painting proper but with no 
exposure to the weather, a life of 49 weeks was obtained; this 
fell to 14 weeks when red iron oxide paint was used instead of 
red lead. Plates that were weathered in the as-rolled condition 
for 105 days and then painted had a life of 31 weeks. 


It should be emphasised that these statements refer only to 
this particular painting scheme, and it is probable that for other 
painting schemes we may record results at variance with them. 
The point is that, whereas, as a result of the work of the main 
Corrosion Committee and of the Protective Coatings Sub-Com- 
mittee, we now understand fairly fully the effect of surface con- 
dition on the behaviour of paints on steel exposed to atmospheric 
corrosion, we are still far from clear as to its effect in the case of 
under-water paints. Much further research will be necessary 
before we can be sure of our conclusions; but it is already apparent 
that the effect of rust, as distinct from mill scale, underneath a 
paint film is not nearly so serious on an under-water paint as on a 
paint exposed to atmospheric corrosion. We have shown con- 
clusively that for atmospheric work the best procedure is to apply 
paint to a perfectly descaled suface, and that any rusting between 
the descaling process and painting produces a deterioration in the 
results; but this is not necessarily the case for marine compositions. 
The results obtained so far show that in some cases, but not all, 
rust beneath the paint film has improved performance, possibly by 
increasing the adhesion of the anti-corrosive composition. 

A preliminary investigation of the consistency of ships’ bottom 
compositions, referred to on p. 359 P, has now been made by the 
Sub-Committee, and it will be helpful to mention the conclusion 
at which we have tentatively arrived. Dr. Slater collected samples 
of compositions from two of H.M. dockyards which, in the opinion 
of the foremen painters who were responsible for their application, 
represented the range of consistency from very thick to very thin. 
Through the kindness of Mr. Fancutt, these samples were investi- 
gated in the Paint Research Laboratory of the London, Midland 
and Scottish Railway Research Department at Derby. Mr. Fan- 
cutt concluded from this examination that it would be impractic- 
able to fix an upper limit for consistency, but that it was possible 
to fix a lower limit, which would have the effect of eliminating 
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those compositions which had insufficient body to be capable of 
giving adequate protection. ‘The figure suggested by Mr. Fancutt 
is 25 sec. for the efflux time of the first 50 c.c. of paint from a full 
No. 4 Ford cup at 70° F. Although it may be found desirable to 
modify this figure somewhat in the light of further practical experi- 
ence, it is obvious that some limit of this type, which would eliminate 
=e wenredia fluid compositions, would have a generally beneficial 
effect. 


Dr. J. E. Harris (Official Investigator, Millport, Isle of Cumbrae, 
Scotland) then presented Section C, dealing with the anti-fouling 
investigation. 


Dr. W. H. Hartriecp, F.R.S. (Vice-President; Brown-Firth 
Research Laboratories, Sheffield): This subject of fouling is a 
problem of the first importance from the standpoint of the war. 
We already had a Marine Corrosion Sub-Committee of the Corrosion 
Committee under Dr. Bengough which was operating very well, 
but, in view of the importance of the subject at the present time, 
we took up the subject of fouling. That involved considerable 
expenditure on research, and Sir William Larke’s organisation 
agreed to contribute to the support of the new research. We then 
approached the Admiralty; they said that this was one of the 
researches which they wanted to see carried out, and they at once 
made an excellent contribution. We then saw the shipowners, 
who contributed handsomely; this was largely due to the enthusi- 
astic ‘assistance of Dr. Dorey, of Lloyd’s Register of Shipping. 
We then came to the conclusion that the shipbuilders might still 
have a lasting interest in their product; they showed very great 
interest, and they have given us a very handsome annual con- 
tribution to the research. All this finance is likely to continue, and 
it is therefore a matter of very great gratification to me to be able 
to tell you that here is a research of primary national importance 
being conducted with no anxiety at all as regards the money 
required for the work. 

I see the work at first hand, and I am sure that there is no 
better example of the collaboration of diverse sciences than we 
have here. You all know Dr. Bengough for the research work 
which he has done for many years, and you have had experience 
of Dr. Hudson’s excellent work as the director of our Corrosion 
Committee’s researches. Dr. Harris is a brilliant young biologist 
from Cambridge whom we were fortunate enough to enlist in 
this work. Added to this, we have some twenty scientists engaged 
on this work, so that you will see that, without any exaggeration, 
this Sub-Committee scientifically is one of the strongest committees 
in the world. Whilst you may think, therefore, that fouling is a 
little removed from the basic iron and steel industry, yet it is a 
great affliction of one of the products resulting from our work, and 
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I am sure we have done rightly as an Institute and as a Research 
Council in backing this work. 

Some people say that fouling is thoroughly understood, and they 
will sell you anti-fouling compounds and say “ Put that on the 
ship’s bottom and there will be no trouble.” But it is not so. 
Fouling is a very serious matter to-day. I know that vast numbers 
of specimens are under test at the present time; the combinations 
of compositions and of methods of application are very great in 
number, and it will naturally take a long time before the whole of 
the work can be properly sorted out. Nevertheless, I believe that 
some of the results of this research should be of actual service even 
during the present war. 

To stimulate discussion, I should like to mention that there is 
one very interesting development of ship plate manufacture which 
has been before us intermittently for a long time. It is said, and 
I believe with truth, that there was less difficulty in protecting 
ship plates made a generation and more ago than there is to-day. 
IT shall not express my view of the matter except to say this, that 
the speed and temperature of finishing and other factors are different 
to-day from what they were then. If we could have as part of 
this discussion some contributions by people with long experience 
in the rolling of ship plates, I should like to have the last forty 
years of production of ship plates analysed from the standpoint of 
the nature of the scale and its capacity for adherence to the plate 
or otherwise in relation to preservation. 


Mr. J. StncuatrR Kerr (Member of Council; Lancashire: Steel 
Corporation, Ltd., Irlam, near Manchester): I am glad to take 
upon myself the privilege of opening the general discussion on 
this comprehensive paper on the protection of ship plates against 
corrosion. ’ 

We must remember that the steel of to-day, more especially in 
normal times, has been made under more and more controlled condi- 
tions caused by the development of research and technical improve- 
ments at all stages, including rolling, all of which reflect on the quality 
of the surface of the steel, the mobility of gaseous products and 
adherent mill scale. How have these changes affected the problem 
of marine corrosion? I think all this has something to do with 
what Dr. Hatfield has just said. 

Take the case of rails. Many years ago they were not made to 
the stringent specifications that they are to-day, and yet our atten- 
tion is now and then drawn to rails having long-wearing properties, 
rails which have given astounding performances in the track. Is 
not the degree of purity which we have achieved at the moment 
now acting against us? I would like to put that point to the 
melting shop managers and metallurgists. 


_Mr. F. C. Dycre-Tracur (Detel Products, Ltd., Greenford, 
Middlesex) : We are interested in anti-fouling, but we are really 
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manufacturers of anti-corrosives. One thing which strikes me about 
anti-fouling, however, is that there does not seem to have been a 
great deal of improvement in the materials used for thousands of 
years, bearing in mind what we know about their use in the Mediter- 
ranean in Phcenician days; the Pheenicians used arsenic, and per- 
haps even mercury, and we still use them to-day. Our only hope 
of improvement seems to lie in these organic compositions of very 
much greater toxicity mentioned by Dr. Harris. 

There is another point which arouses my interest. The barnacle 
seems to adhere well to almost every surface—rubber, wood, iron, 
ebonite, steel and so on—with the éxception of certain alge. 
Although I have heard that certain compositions have been made 
which contained a decoction of these algw, there appears to be no 
record of whether they were successful or not. It is probably the 
surface condition of the alge which was effective in preventing 
attachment, but it is strange that they should have that property, 
which no other material seems to possess. 


Mr. H. R. Woop (Messrs. Storry Smithson & Co., Ltd., Hull) : 
Every investigator has found that arsenic (As,O3) has little anti- 
fouling properties; however, it may have other virtues. It is a 
‘rust inhibitor; such arsenites as zinc arsenite should be tried in 
the first anti-corrosive coat. 

Accepting the principle of coagulation of the albumen, mercury 
is very good, copper is good (not equal to mercury) and arsenic has 
almost no effect on that property, unless the arsenic is combined 
with some phenyl derivative as phenyl arsenious oxide. Mercury 
and copper have been found by the trade to be the best of all anti- 
foulers tried. 

Criticism of the test panels is that much less paint was applied 
as compared with that generally applied to a ship. Steel panels 
treated with acid, washed and cleaned to a surface like glass and 
painted with a 2-in. brush take much less paint than do the rough 
surfaces of ships’ plates. It is surprising how much paint is absorbed 
on painting a ship carrying many old previous coats of paint. In 
my opinion, for practical purposes, the test panels should have had 
about the same weight of paint per square foot. 

The Report recommends that a toxic index of 30 is necessary 
(say, 20 parts (20 toxic units) of copper and 5 parts (10 toxic 
units) of mercury), whereas many compositions with lower toxic 
indices have given excellent results. It is admitted that in some 
tropical waters—the West Coast of Africa—conditions are un- 
doubtedly severe. Much depends upon the length of stay in ports 
in this area, 

A British patent covers the use of copper oxalate, and perhaps 
this and the citrates or tartrates of copper are worth investigating, 
as it has been assumed that an acid property is required to stop the 
first adherence on the ship of the bacteria or barnacles. — 

An unusual composition of an Australian was tried by my 
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firm; this was based on the idea of producing arsine and stibine 
by the action of sea water on the composition. The danger in mak- 
ing rather than the failure deterred.us. Whether any of the poison 
gases developed for gas warfare could be used with safety might be 
worth considering. 


Dr. W. H. Hartrietp, F.R.S.: This is a fitting opportunity to 
debate the question whether there has been any change in the char- 
acter of the surface of plates as they have come out of the steel- 
works during the last forty years. Anyone with any experience of 
plates or of mild-steel sections might comment on that to our 
advantage. 


Mr. VERNON Harporp (Messrs. Riley, Harbord and Law, Lon- 
don): Of recent years more and more alloy scrap has gone into 
furnaces, and very little mild steel is made to-day without some 
traces of copper and chromium in it. That may have some effect 
on the adhesion of the scale, and to this extent plates of more 
modern manufacture may be more liable to corrosion than those 
of older fabrication. 


Mr. A. Rosryson (Appleby-Frodingham Steel Co., Ltd., Scun- 
thorpe, Lincs.) : I cannot say that I have had experience for forty 
years in making steel plates, but, after having had a look round 
the older works, I would say that there is no doubt that the tem- 
perature of the plates when they are finished is, in these older 
works, lower than in the more modern works, and the type of scale 
is somewhat different. The low-temperature scale is a red one, and 
the high-temperature scale, of course, is a blue one. There is a 
difference there. > 

With regard to the composition of the plates, I think everyone 
knows that in the last thirty years the inspection of plates, and of 
all steel, has been very much tightened up, and the phosphorus 
and sulphur contents are definitely lower than in the old days. 
Reference has been made to steel rails, and the same thing applies 
there. In some cases phosphorus has been found to have an effect 
upon the steel which inhibits corrosion to some extent. Cor-ten 
steel is better than the copper contents would account for. Again, 
continual efforts have been made and much money has been spent 
on new mills, rolls and improvements to give a perfectly smooth 
surface on plates. 

In the old days, moreover, a shipbuilder bought a lot of plates 
and kept them in his yard, so that by the time he wanted them 
they were thoroughly descaled and rusted. Nowadays, the ship- 
builder sends an order, expects quick delivery and puts the plate 
in the ship the week after, with practically all the scale on. It 
may be that the rougher surface in rolling and that obtained by 
thoroughly rusting took a thicker coating of paint. ; 
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Has the modern demand for a quicker turn round in dry-dock 
created a demand for a thinner paint, which in turn gives a thinner 
coating and less protection ? 


Mr. Louis Rietey (Lloyd’s Register of Shipping, Middles- 
brough) : Mr. Robinson has made a point carding wohreceinte taken 
to build ships. It is common knowledge that building has been 
very much expedited, and plates therefore do not get the oppor- 
tunity of weathering before being incorporated into the structures. 
In regard to the matter of quality raised by Dr. Hatfield, my view 
is that there has been no marked deterioration in this respect, and 
I think it is true to say that the quality is more uniform to-day 
than ever before. The Society with which I am connected is con- 
cerned in peace-time with ship plates produced in every steelmaking 
country in the world, and I am not aware that material from a 
particular country could be said to behave less satisfactorily than 
that from any other country, and it does seem that this is a general 
problem rather than one involving quality. 

On the question of surfaces those of us who have had experi- 
ence on the Continent know that in Germany, in particular, it is 
the practice to roll direct from the ingot without intermediate 
slabbing, and the plates finish with something like a matt surface; 
it has been claimed by the Germans that this is a better surface 
for painting. It may be that the German plates do not compare 
favourably with the British plates in regard to smoothness, but so 
far as quality is concerned there is little to choose between plates 
wherever they are made. 


Mr. J. Suvcuarr Kerr: With regard to Mr. Robinson’s remarks, 
there seems to be room for a discussion on the question of weather- 
ing or ageing. Mr. Robinson mentioned that in former years the 
plates used to lie about in shipbuilding yards for a lengthy time 
when the surface would become weathered, and quite a different 
surface would be exposed for painting than is obtained with the 
plates of to-day, which are used as soon as they are received. 

Tt seems to be true that the war has the effect of bringing us 
from a quarter to half a century ahead in such matters as qualities 
of materials and new mixtures. The war gives us a jump forward 
in technical matters just as it does in the social services. New 
information on steels is being discovered and developed with 
remarkable rapidity. ; 

With regard to corrosion; cannot we produce a type of steel or 
steel surface which will enable us to dispense with paint? The 
money spent on paint and labour should enable us to produce a 
plate of a quality which will give the necessary resistance to corro- 
sion without the need for paint. I think the time is ripe for action 
in this direction. 


428 P FIRST REPORT OF THE 


CORRESPONDENCE. 


Tur AssocIATION OF SHIPS’ CoMPOSITIONS MANUFACTURERS 
(London) wrote: Before criticising the Report in detail we consider 
it advisable to draw attention to-a surprising omission. No 
acknowledgment has been made to those firms in the anti-fouling 
composition industry who laid open their research laboratories 
and testing stations to the Sub-Committee when they were arranging 
to have these trials carried out for the Admiralty. Since several 
Members of the Committee, at the request of the Admiralty Cor- 
rosion Committee, visited the biological department and marine 
testing station of at least one of our Members, the failure to 
acknowledge this assistance is all the more remarkable. The general 
impression from reading this Report seems to be a peculiarly un- 
fortunate one, in that the industry is frequently discredited. Com- 
ments that there is no standardisation of quality or consistency 
give an entirely wrong impression, and that shipowners cannot 
get what they should is not in accordance with facts. The im- 
pression given by the Report that the Sub-Committee, and the 
Sub-Committee alone, have done the only research work on anti- 
fouling paints is grossly unfair and, of course, quite incorrect, 
and the trade would be perfectly justified, on these grounds alone, 
in protesting against the publication of this Report. 5 

A great deal of work, which in time and money must have been 
very considerable, has been done on perfectly worthless statistics. 
To show tables of poison contents of a variety of anti-fouling 
paints used for different purposes is quite valueless, just as valueless 
in fact as a table showing the raw materials of both anti-fouling 
and anti-corrosive paints taken together. The Official Investigator 
consistently disregards questions of thickness of film. The Report 
states that no attempt was made to control the weights. The 
weight of paint applied was left to the discretion of the painter. 
A less scientific method of investigation would be difficult to imagine, 
and, as this point is of fundamental importance, the greater part of 
the deductions made by the Sub-Committee is in our opinion 
valueless. 2 ; 

Our detailed criticisms of the report are as follows. " 

Page 348 vp, Paragraph 1.—The last sentence is obscure and the 
conclusion that ‘‘ by buying compositions on the general reputation 
of particular manufacturers the user by no means ensures that he 
obtains even the best of the available paints for his particular 
purpose ”’ is in any case quite unjustified. 

Page 348 P (Protection).—The prevention of corrosion seems to be 
more of a problem for the metallurgist to produce steel less subject 
to corrosion. 

Page 348 p (Anti-Fouling)—The Sub-Committee would appear to 
suggest that no previous work on the prevention of fouling has been 
carried out, whereas a number of commercial firms have carried 
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out researches for many years, and are far ahead of the Corrosion 
Committee, having done the work which the Committee is now 
undertaking some 15 or 20 years ago. In the whole of this Report 
there is little which is not already known to the industry. Whereas 
metallurgy and anti-corrosive coatings may be closely associated, 
how can metallurgy in any way further the study of anti-fouling 
problems ? 

The methods of attack recorded under this heading have already 
been fully investigated by the industry : 


(i) Types of organisms responsible for the fouling of ships 
have already been established. 

(ii) and (iii) The biological aspects referred to have been 
studied and are continuing to be studied by those engaged in 
the industry. 

(iv) Research work is continually being carried on by those 
engaged in the industry for new and better toxins, in the 
field of both inorganic and organic chemistry. 

(v) The incorporation of toxins in the paint is no longer 
a problem with which the industry is faced. 


Page 348 P, paragraph 1, page 350 P, paragraph 2, page 352 P, 
Section B, paragraph 1, page 357”, Part LII., paragraph 1.—From 
these statements it is clear that anti-fouling composition manu- 
facturers were asked to submit samples for comparative trials which 
were carried out on behalf of the Admiralty. The Official Investi- 
gator, in addition to doing these trials, has had the paints analysed 
and this Report includes some of the results of these analyses. He 
makes it clear that these analyses will also help to formulate com- 
positions with the avowed intention of publication. 

Page 352 p.—What is meant by the assumption that a composition 
of any given brand does not remain constant? This may be so, 
but any difference will be in the way of improvement as a result of 
manufacturers’ own individual research. 

Page 354 P, last 3 lines.—A less scientific method of investigation 
would be difficult to imagine. 

Page 355 P, paragraph 2.—It would be interesting to know exactly 
what significance the Official Investigator attaches to the result 
obtained by the testing methods of leaving an unpainted “ holiday.” 
Does he consider a paint which gives adequate protection on the 
rest of the plate but allows severe corrosion in the holiday superior 
or inferior to a paint which gives the reverse result ? : 

Table II.—This Table presumably refers to both anti-fouling 
and anti-corrosive compositions; such being the case it is of little 
or no value. 

Page 359 p, end of paragraph 2.—It is to be noted that their efforts 
are to reduce the compositions to a few tested formulations which, 
if followed, would prevent any manufacturer from utilising the 
results of his own researches, which hardly seems a laudable aim 
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for a research body. It would be deplorable if, as a result of the 
issue of a few formulations, the many different qualities now in 
use with entirely satisfactory results would no longer be available 
to shipowners to meet their special requirements. ut 

Page 359 Pp (Consistency).—The Official Investigator has exhibited 
a praiseworthy desire to carry out many tests in a quantitative 
manner. It is therefore tragic to think that the time taken for 
all these tests on anti-fouling paints is more or less useless on account 
of such a fundamental error as failure to control the weight of 
paint applied. The danger of failure to control the weight of paint . 
applied per unit area was pointed out to the Sub-Committee before 
testing was started. 

Table IV.—The variation in quantity of paint applied at Ply- 
mouth showed that the highest had 5-4 times as much as the lowest, 
while at Caernarvon the highest had 4-6 times as much as the 
lowest. From these large variations, it is obvious that no satis- 
factory conclusions can be drawn as to the relative merits of the 
majority of the compositions tested. Anything less scientific 
or more inaccurate would be difficult to imagine. 

Table V.—In the discussion of the results, the Official Investigator 
has noted the better performance of anti-corrosive compositions 
with thicker coats. Yet this factor has been ignored in the applica- 
tion of the anti-fouling compositions. 

Table VIII.—The short useful life of the majority of compositions 
was obviously due to the small weight of paint, but this is no reason 
for the general condemnation of commercial anti-fouling com- 
positions. 

Page 367 Pp, last paragraph.—The statement that fouling is best 
assessed on repainted specimens is somewhat contrary to experience. 
We have generally found flaking to be more severe on repainted 
specimens with paints which do not exhibit this defect in practice. 
Blistering, flaking and, to a lesser extent, cracking on small-plate 
trials often bear no relationship to the performance of the same 
paints under practical conditions. 

Page 369 P, paragraph 1.—The suggested “‘ toxic index”’ is too 
arbitrary, and is valueless unless all toxins are taken into con- 
sideration, and their availability, which in turn depends not only 
on the type of vehicle but also on the weight of paint per unit area. 
If insufficient is known about the toxins in all the paints, this 
should not be used to explain the discrepancies in the figures. 
It is to be noted that no figures are produced taking weight also 
into consideration. This is somewhat surprising, inasmuch as 
the Report states that the correlation was better. 

_ Page 369 Pp, last paragraph of (2).—This statement seems to have 
been made on very scanty evidence. 

Table XI.—The big differences in scheme A are probably 
largely due to experimental errors, while the small differences in 
scheme B could only be expected with this very short period of 
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immersion, with, presumably, the usual very thin coats of paint. 


- We cannot see that any deductions of value can be made from such 


a Table. 

_ Page 371 P.—We find that small differences in respect of flaking, 
blistering, peeling and, to a lesser extent, rust on small plates can 
be very misleading and often bear little relation to what happens 
in practice, particularly where the paints are of different formula- 
tions. A knowledge of the behaviour of paints of various types 
in practice, as well as on small plates, enables one to get some idea, 
but working as at present, very much in the dark, the Sub-Com- 
mittee’s deductions are likely to be erroneous, and it should be 
remembered that about 90% of ships’ paintings are over old paint. 
The tendency to make unwarranted deductions is again shown at 
the bottom of this page, where it is stated that where paint films 
had softened they were probably near the end of their useful lives. 

Table XIII.—It seems impossible to attach any significance 
to this Table and the accompanying text. It is not clear what 
paint is over what, and the only thing that emerges is that the plate 
that gave bad adhesion in the Plymouth trials was more likely to 
give poor adhesion when repainted at Caernarvon over its remaining 
film than was a plate that had given good adhesion at Plymouth. 
In our view the bad results at Plymouth were almost certainly 
attributable to using unbaptised plates—the better results at 
Caernarvon to the fact that the plates had had a christening at 
Plymouth. 

Page 374 (Pitting at Holidays).—This is of somewhat doubtful 
value, as the majority of paints are applied over old paint. Pitting 
can be markedly influenced by the nature of the rust nib. 

Page 376 P, top.—Also some of the more enlightened shipowners 
have realised the dangers of using red lead underwater. The worst 
feature of red lead is the throwing off of subsequent coats. This 
defect often does not show until the paint has been immersed for 
some considerable time. 

Page 376 Pp (Experimental Details).—It is pleasing to note that in 
the C.R.L. test priming coats’ are used, but it should be pointed 
out that if thin coats of paint are applied, particularly in the case 
of the anti-fouling, the results with regard to disintegration are 
very misleading. 

Page 377P (Conclusions).—It is admitted that the paint films 
applied to the test specimens were much thinner than those used on 
actual ships, and therefore could not function in regard to the rate of 
solution as was intended by the manufacturers, and as would occur 
in practice. ; aul 

Page 378 P, paragraph (e).—This conclusion, is erroneous, as it is 
deduced from thin coats. It is weight of poison per unit area and. 
rate of solution which matter. Be 

Page 378 P, paragraph (g).—A very unfair implied criticism of 
ships’ bottom composition manufacturers, as every attention 1s 
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paid by them in their formulations to obtain a practical working 
consistency of their products. it 

Page 378, paragraph (h)—Until more accuracy 1s introduced 
into their experiments and proper control exercised, results obtained 
by the Sub-Committee are of little value, and the relative merits of 
the compositions tested cannot be assessed. 

Page 401, paragraph (iii).—This calcium carbonate formation 
is generally present at the cathode where galvanic action is taking 

lace. 

Pages 405 p-414 p.—The description of fouling organisms is good, 
and proper attention is paid to seasonal effects and the importance 
of the biological environment. In this connection the use of the 
term “biological exclusion’? seems quite apt. The differing 
resistance to poisons displayed by different organisms is referred 
to, and the way in which this may be linked up with the effect of 
the biological environment has been noted. The Tables illustrating 
the value of biological analysis are reasonably clear and well-chosen, 
if perhaps somewhat meagre. There is no need to criticise the 
types of paint employed in some of this work, as at this stage, 
and in this particular, the method is more important than the 
material, and we fully realise that those responsible for the formula- 
tion of the compositions cannot have had the necessary experience 
in these matters, and it is not surprising, therefore, that the choice 
of paint media shows, in our opinion, a lack of knowledge of paint 
technology and of anti-fouling compositions. 

The conclusions reached are obviously tentative and it is certain 
will have to be modified in many respects. The differentiation 
between bacterial and diatom slimes is not too clear in some places, 
e.g., in the discussions relating to Table XXXII. and Figs. 11 
and 12; it might be that Fig. 11 relates to bacteria and Fig. 12 to 
diatoms, while Table XX XII. might refer to either or both; there 
is no clear indication given. 

Page 416 p (Organic Poisons).—Successful commercial paints with 
organic poisons replacing mercury are available, and have been 
available for more than ten years, their experimental stage having 
’ been undergone during the four or five years prior to that, that is to * 
say, fifteen years ahead of the Marine Corrosion Sub-Committee, 
and research work on this subject has been continued without 
interruption by the industry. 

Page 418 P, end of (c) The Paint Medium.—The suggestion that 
many compositions rely for their toxic properties on mechnical break- 
down of the paint film is probably far from the truth but would often 
be found or deduced where thin coats of anti-fouling compositions 
of certain types were used on small plates. With thicker coats, 
such as those recommended by the manufacturers, such mechanical 
breakdown is unlikely to occur. 

Page 419 P, top.—The suggestion that flaking is a common occur- 
rence in proprietary as well as experimental anti-fouling paints, in 
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our opinion, only applies to small-plate trials. Experience shows 
that this, defect, which is often frequent on small plates, is seldom 
found in practice. It is obvious that if commercial paints were to 
exhibit this phenomenon to the extent suggested by the’ Sub- 
Committee, they would soon be condemned by shipowners and 
would have little or no sale. This flaking phenomenon, which 
exhibits itself on small-plate trials, is not generally found when the 
same paints are used in practice. 


The foregoing criticisms are based on very extensive knowledge 
of the subject. Contrary to the impression conveyed by the 
Report, research work has been carried on by Members of this 
Association over a long number of years. 

While admitting that very high efficiency has been attained 
by proprietary ships’ compositions, the Report is nevertheless 
generally framed to imply that those engaged in the industry know 
little of the subject, and are not capable of producing good com- 
positions. The fact is that compositions very much superior 
to those in use are available to shipowners who desire them; in 
other words, the industry is ahead of present demand. 

While we do not agree that anti-fouling problems are within the 
scope of the Marine Corrosion Sub-Committee, general research such 
as the creation of steel less subject to corrosion, and any investiga- 
tions of an academic character, would be welcomed and be of general 
interest to the industry. And, while agreeing that anti-fouling 
compositions may have to be used in connection with the Sub- 
Committee’s anti-corrosive -problems, such compositions are 
already available on the market, as the Investigators are well 
aware, and their use would in no way hamper the Sub-Committee in 
the continuation of their work on corrosion problems. 

It would be grossly unfair, in view of the method of testing 
adopted, if the Marine Corrosion Sub-Committee’s classification 
of proprietary brands were taken into account by interested parties. 

As this country is foremost in the world in anti-fouling com- 
positions, it seems very unnecessary for a committee completely 
outside the anti-fouling compositions trade to undertake work of 
this kind and to publish it. In its present form, with its undertone 
derogatory to the compositions manufacturers, the Report cannot 
be expected to improve British exports of anti-fouling compositions. 

- Tn view of the national importance of the industry, it is hoped 
that The Iron and Steel Institute will give serious consideration 
to the criticisms which have been put forward. 


Sir SranLEyY GoopatL, K.C.B., C.B., O.B.E. (Assistant Controller 
(W.P.), Admiralty, London) wrote : The work of the Sub-Committee 
is of great importance to the Admiralty for reasons which, though 
commonplace to all those who have to deal with ships, it may be 
desirable to emphasise. 
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As the Sub-Committee have shown, fouling and corrosion are 
interrelated. But the evil effects of the two may be considered 
separately. Fouling causes a serious reduction in speed, an increase 
in fuel consumption and consequent loss of endurance. Both speed 
and endurance are very important warship requirements. Great 
endurance is essential for British warships, especially in a war such 
as the present. If fouling is unduly rapid, the time a ship can be 
out of dry-dock is reduced unless serious loss of speed and endur- 
ance are accepted. Such frequent dockings not only absorb labour 
and time but add to the programme of work to be done in dry- 
docks. The latter point is of particular importance in war-time, 
when casualties add to the amount of work that must be done in 
dry-docks. One result of undue fouling that is not generally 
appreciated is that when a very foul ship is driven hard and the 
propeller revolutions are thereby inappropriate to the speed through 
the water, vibration often becomes severe, which is again a serious 
matter in warships. When a new warship is designed great pains 
are taken to obtain the best possible underwater form, to reduce 
the resistance of appendages, and to gain $% here and 4% there, 
in order to obtain the highest possible speed on the horse power 
developed. The fruit of such work can be quickly lost if steps are 
not taken to obtain the best possible means of keeping fouling to 
a minimum. 

Corrosion, though generally not so omnipresent as fouling, has 
more serious effects, as it not only involves a wastage of steel, 
another factor that is most important in war-time, but considerable 
expenditure of labour and time in dock. 

From the above it is clear that both from an operational stand- 
point and from economic considerations it is essential that every 
means of reducing fouling and wastage caused by corrosion should 
receive detailed and adequate attention. 

In the United States of America work on parallel lines to those 
followed by the Sub-Committee has been proceeding for a number 
of years. A short time ago an officer of my Department was in 
North America, and while there was able to devote a little of his 
time to discussing with American naval authorities the problems 
associated with the fouling of ships. He informed me on his return 
that researches on that side of the Atlantic have led to the belief 
that the most important aspect of anti-fouling research is the 
knowledge of the leaching rates of the toxic ingredients of anti- 
fouling compositions, in particular, the leaching rate of copper. 
They claim to have established a relationship between the leaching 
rates and the anti-fouling qualities of the compositions. Since toxic 
ingredients in anti-fouling compositions are there with a set pur- 
pose, it appears eminently reasonable to hold that the rate at which 
they emerge from the composition is of fundamental importance. 
I note from the remarks at the top of p. 417 P of the Report that 
the Sub-Committee have also been investigating leaching rates. 
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In the past it has been the practice of the Admiralty to judge the 
relative values of anti-fouling compositions by full-scale ship tests. 
These take time, and, although eminently practical, are only 
unimpeachable tests when the various compositions tried are all 
subjected to the same conditions. If it were definitely established 
that there is a relationship between leaching rates and anti-fouling 
qualities, full-scale ship tests might become unnecessary. 

In conclusion, I wish to pay a tribute to Dr. Bengough for his 
leadership, to his collaborators on the Sub-Committee and to all 
those who assisted in the work. The painstaking and enthusiastic 
manner in which their researches have been pursued and the ex- 
cellent way in which their activities are recorded in this Report 
deserve praise. I trust that the Sub-Committee will continue the 
good work in the same spirit of energy and enthusiasm. ‘There is 
still much to be done. 


Mr. W. E. Batuarp (Metallisation, Ltd., Dudley) wrote: I have 
read the Report with the greatest of interest and I would like to 
congratulate all those who have had a share in its compilation. 
The Report certainly maintains the very high standard that has 
been set by previous work, and should be of great use as a guide 
to those interested in this problem of marine corrosion, 

It is the First Report of the Sub-Committee, and as such it 
rightly indicates the complexities of the subject. It would there- 
fore be much easier to formulate a long list of questions which 
must occur to everyone reading through it than to give any real 
constructive criticism. My own interests are, of course, largely 
centred round the use of metallic undercoatings, and from this 
angle the results give me a good deal of satisfaction, particularly 
as for many years marine engineers have taken great pains to 
explain to me the very great excellencies of good oxide paint and 
the uselessness of any form of metallic coating. It is particularly 
satisfactory to see in print evidence that sprayed-zine surfaces do 
not suffer loss of weight more rapidly than hot-galvanised coatings. 
The matte surface of zinc-sprayed coatings has given rise to a 
belief in some quarters that the surface must be more rapidly 
attacked. by corrosive agents than the much smoother hot-galvanised 
surface. The anti-fouling properties of zine appear to be much 
more noticeable than I would have expected, although my own 
experience has shown that these properties are considerable. Small 
amounts of zinc have been found to have far-reaching effects on 
the metabolism of the higher animals, and it is hardly likely that so 
active an ion would be passive in its action towards lower forms of 
life. 

I think that the behaviour of aluminium-coated specimens 
deserves some consideration. It is now generally agreed that 
sprayed-aluminium coatings have fully justified all the claims made 
for them as a preventive of atmospheric corrosion, but I do not 
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believe that it should be expected that they would have anti- 
fouling properties. iis 

The corrosion products of aluminium tend towards basicity, 
and in immersed conditions remain to some extent colloidal. - A 
good proportion of the earth’s crust will, in all probability, give 
similar products on long contact with sea water and therefore there 
would appear to be no reason to expect that aluminium would be 
anything but kind to marine growths. Furthermore, an anti- 
fouling paint is shown to be of necessity somewhat porous, and 
the products of solution of the paint may well be absorbed by the 
colloidal aluminium corrosion products to some extent, and so 
become inoperative. It should be noted that even in immersed 
conditions the aluminium has behaved well as a protective measure 
and this is borne out by practical experience. Aluminium coatings 
of about 0-004 in. in thickness have protected, for a reasonable 
time, the blades of cast-iron propellers, but, of course, in this case, 
marine growths are not very noticeable. 

Some remarks are made in the Report on the rust shown by the 
sherardised samples and this is not surprising, as the experts in 
this process have not claimed it to be ideal under conditions of 
immersion. I feel that, in case of misunderstanding, it should be 
made quite clear that sherardised coatings do give reasonable 
service under the conditions of exposure and economics for which 
they are used. 

With regard to lead coatings, the excellence of this metal for 
resisting the attack of aerated sea water is, in my experience, well 
proved, but its utility from a practical point of view is open to 
question. The Report stresses the danger of fouling at holidays. 
Lead coatings in practice are generally found to be very soft and 
very easily damaged, and comparatively small floating bodies will 
damage lead coatings applied to ships’ plates. Lead coatings would 
perhaps be an answer to some forms of propeller cavitation if this 
type of damage could be avoided. I am particularly interested in 
the evidence that the attachment of marine growth follows break- 
down and that as yet there is no evidence that these growths cause 
breakdown. Personally, I have held this view for a long’ time, 
but the majority of sea-going engineers appear to think otherwise. 
Paint manufacturers have always been somewhat prone to make 
exaggerated claims for their particular brands, and have not been 
receptive to the idea of metallic undercoats. Nevertheless, I must 
say that I am surprised at the number of paints which have been 
classed as inferior by the Investigators. In fairness again, it 
should be stated that many of the proprietary brands of paint 
have withstood severe service conditions, and I wonder, therefore, 
whether the first results are a little more pessimistic than may be 
justified. 

The Report seems to indicate that good results are possible by 
repainting on top of old paint until a good thick layer is obtained. 
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My experience indicates that this is often carried out in practice 
and the thickness of paint layers that can be removed from some 
vessels is amazing. 1 have known cases where paint layers have 
been as thick as the plate, and yet corrosion has not been inhibited 
and fouling still takes place. 

The reason is that this very heavy plastering of paint tends to 
become brittle and is certainly very laminated. As with lead 
coatings, damage is caused in places by the ship striking objects 
in the water. The steel exposed rusts and starts blistering, and 
extensive damage is often observed. If an undercoating is applied 
which is really protective, I doubt the wisdom or necessity of 
repainting to the extent which is indicated. 

It would appear that the necessity of the toxic material in the 
anti-fouling composition being slowly dissolved is indicated. This 
would appear to demand a porous nature in the anti-fouling com- 
position, which may reduce its strength and cause it to disintegrate. 
It is possible, by adjustment, to make a metal-spraying pistol give 
a coating which is porous and somewhat rough. Therefore, if an 
organic anti-fouling medium can be found, it might be given 
mechanical strength by covering the normal sprayed layer of zinc, 
acting as the undercoat, with a layer of porous zinc and then 
painting with the organic solution, so allowing the anti-fouling 
composition to enter the pores. 

In some quarters there is a prejudice against spraying which 
applies both to metal and to paint. In all probability this will 
gradually disappear in post-war years. It should be definitely 
stated that metal-spraying of a ship’s hull presents few practical 
difficulties, and the results shown in this Report are, therefore, of 
much more than academic interest. In my opinion, the day is 
not so far distant when some of the newer synthetic materials will 
be available as cheap protective coatings, and this possibility is, of 
course, envisaged by the authors in their preliminary remarks. 

_ I wish the Sub-Committee every success in the continuation of 
their work. 


Mr. A. Nicuotts, C.B.E. (formerly at H.M. Dockyard, Devon- 
port), wrote: The work of the Sub-Committee is well known, 
attacking, as it does, one of the most serious problems confronting | 
the naval architect—corrosion. Although research and experiment 
have been constant since the introduction of steel to replace the 
comparatively non-corrosive iron in shipbuilding, the evil persists 
to an alarming degree. 

The writer has just replaced about 40% of the outer bottom of 
a foreign war vessel, where pitting had caused the limit of safety 
to be reached in seven years. 

This problem is more acute than fouling, and we are still far 
from a solution. Many and diverse reasons are advanced, but it 
is a fact that, until the advent of the modern alloyed steels, the 
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corrosive effect was more or less quiescent, whereas with modern 
steel pitting breaks forth like a rash, and causes serious loss of 
strength, even before the ship is in commission. — . : 

The research carried out by the Sub-Committee’s investigators 
is very thorough; nothing seems to have escaped their scrutiny, 
unless it is the supposed organic constituents in some proprietary 

aints. 
as It is, perhaps, well known that the Admiralty have, for many 
years, carried out tests on protective and anti-fouling compositions. 
The general constituents of all approved makers are known and 
tabulated. Instead of small samples tested on rafts, full-scale trials 
have been carried out with vessels plying in different waters. 

Home experiments may carry us a certain distance, but the 
rapidity of fouling varies with the locality, as is well known. Vessels 
may arrive at one port badly fouled, and by lying in a fresh water 
berth, generally in a river, may resume their journey fairly clear of 
marine growth. 

The Admiralty method of testing compositions by “ quarter- 
ing,” 7.¢., painting opposite ends of the vessel with competing 
compositions, gives a fair comparison in regard to wear and 
resistance. 

The classification of the various compositions does not appear 
to include what are known as grease paints, which have great 
exfoliating properties, and have proved successful in preservation 
both from corrosion and from fouling, but the weight and resistance 
per square foot are features which have to be taken into con- 
sideration when their use is proposed. ; 

The Sub-Committee have a large field still in front of them and 
one wishes them success in their efforts. . 


Mr. 8. Payne (H.M. Dockyard, Devonport) contributed the 
following remarks : 

Page 368 p.—It is agreed that the conditions to which raft speci- 
mens were exposed are more stringent than life under service. If 
the average failure by fouling of specimens was 22-6 weeks and a 
factor of 2 or 3 is applied as recommended, the failure under service 
conditions should not occur on an average under 45 weeks. My 
experience has been that failure almost invariably occurs in much 
less than this period. Hence the desire of most firms with an 
interest in fuel economy and of the Admiralty with its interest in 
maximum speed to have six-monthly dockings where possible. It 
is really a matter of what is meant by “ failure by fouling.” My 
interpretation is: When there is clear evidence in dry-dock that a 
great part of the anti-fouling composition has disappeared and some 
fouling has started. 

Page 382 P, Pickled Specimens.—It may be of interest to note 
that experiments at Devonport recently on the best strength for 
pickling confirm the value of the standard Admiralty procedure of . 
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5% by volume of hydrochloric acid. Less than this amount made 
pickling far too slow, and when appreciably stronger solutions were 
used the results were occasionally patchy. A hydrometer is regu- 
larly used to keep the solution in the bath at the right strength. 

It is hoped that the discussion will bring out some practical 
opinions on the value of pickling. This has been Admiralty practice 
for many years, and we know from the discussion on the paper of 
Dr. Bengough and Mr. Shepheard at the recent meeting of the 
Institution of Naval Architects 1 that American practice now is 
either to pickle the plates when received at the yard or to apply a 
plain descaling process. ; 

It is understood that pickling is not common British practice 
in merchant ships and some of the yards now building ships do not 
possess pickling baths big enough to make large-scale pickling 
vitan How do the non-pickled plates compare to the others in 
ships ? 


A Marine SUPERINTENDENT wrote: We have frequently been in 
doubt as to whether it is advantageous to apply anti-corrosive com- 
position to the underwater hulls of ships of some age which have a 
substantial coating of previously applied composition. Many of our 
technical staff consider that anti-corrosive composition is of no value 
unless it can be applied to the bare or nearly bare steel. Others con- 
tend that it is advantageous to apply anti-corrosive even if it is not in 
contact with the bare steel, on the grounds that it gives body to the 
anti-fouling. For many years ships of the writer’s Line which were 
found well coated have been given only a touch-up of anti-corrosive 
and a full coat of anti-fouling. During the last three or four years 
we have been giving a full coat of both anti-corrosive and anti- 
fouling, whether the surfaces were well covered or not. Up to the 
present I have not observed any beneficial result through the 
application of the full coat of anti-corrosive in the case of ships 
which already had a substantial coating of previously applied 
composition. 


Mr. N. E. Rozpson (Messrs. Atkinson, Young and Robson, 
‘ \Neweastle-on-Tyne) wrote: To an owner of petroleum-spirit- 
carrying tankers the marine corrosion, dealt with in the Report, 
is a minor trouble compared with the corrosion of the steel bulk- 
heads, brackets, stiffening, &c., in the cargo tanks, which often 
becomes serious before the ship is ten years old, and at the second 
No. 1 survey, when the ship is sixteen years old, if not before, is 
the cause which makes it necessary for very extensive renewals to 
be carried out, or the ship to be condemned and sold to the ship- 
breakers for demolition. In corrosion of this nature, which is not 
dealt with in the Report, there is an extensive field awaiting research 


1 G. D. Bengough and V. G. Shepheard, ‘‘ The Corrosion and Fouling of 
Ships,’’ Institution of Naval Architects, Apr. 15, 1943. 


440 P FIRST REPORT OF THE MARINE CORROSION 


in the laboratory and on board ship on similar lines to that carried 
out in connection with marine corrosion. 


Rear-Admiral H. P. Boxer (retd.) (Detel Products, Ltd., Green- 
ford, Middlesex) wrote: The raft tests have been of great interest 
to me, particularly so because they have proved the necessity for 
the use of the best obtainable anti-corrosive coatings as the primer 
coat on ships’ hulls. They have singled out the best anti-corrosive 
compositions and have gone a long way towards the solution of the 
anti-fouling problem. 

It seems to me now to be necessary to find suitable anti-fouling 
compositions which will not only prevent the growth of fouling 
over a longer period and with a greater killing range but will satis- 
factorily combine with the anti-corrosive coating to be used. It 
would appear that there is some necessity for the makers of the 
two very different coatings to work together if success is to be 
achieved. 

While realising that raft tests are necessary to obtain com- 
parative results of various coatings under similar conditions of 
expasure, [ am of the strong opinion that they should be supple- 
mented by large-scale practical tests on ships’ hulls under seagoing 
conditions, as there are elements other than marine growth, such 
as electrolytic action, which will destroy the coatings and produce 
rapid deterioration of the plating and rivets. 

In conclusion, I suggest that mechanical methods must be 
devised in the near future for scraping, cleaning and coating ships’ 
hulls, and the docks so adapted to enable these methods to be 
carried out. Also, when practicable, ships should steam through 
the fresher water of river estuaries to reduce any accumulation of 
fouling. 


SUB-COMMITTEE’S REPLY. 


THE MARINE Corrosion SuB-CoMMITTEE wrote in reply: It 
will be advisable to consider the communication from the Associa- 
tion of Ships’ Compositions Manufacturers first, since this constitutes 
the most important criticism of the Sub-Committee’s work. The 
criticism falls under two broad heads : (a) Policy, and (b) the experi- 
mental procedure adopted by the Sub-Committee. 

As regards policy, it is readily agreed that one of the major aims 
of organised scientific research should be to promote the welfare 
and efficiency of industry generally; consequently, any attempt 
to expose an industry to unmerited criticism is most undesirable in a 
scientific publication. This is not the object of those comments 
in the Report to which the Association take exception. They are 
believed to be a fair statement of fact and are adduced as reasons 
for the initiation and continued conduct of this investigation, which 
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the Sub-Committee hold to be both necessary and desirable in the 
interests of the users of ships’ compositions. 

Whilst it is not contested that considerable research has been 
and is being conducted in the laboratories of individual composition 
manufacturers, it is difficult to form any conclusion as to how far 
this is generally true of the industry. It is certain—and this is the 
crux of the difference in the attitudes of the Sub-Committee and of 
the Association—that little, if any, of this research work has been 
published. Indeed, since the formation of the Association of Ships’ 
Compositions Manufacturers is a most recent event, occurring after 
the initiation of the Sub-Committee’s researches, it is improbable 
that there has been any marked interchange of scientific information 
within the industry itself. In thé Sub-Committee’s view such a 
state of affairs is inimical to progress and in the long run is not 
even in the interest of composition manufacturers themselves, 
since research work of any kind fails to bear its maximum fruit 
until it has been published and discussed. The number of publica- 
tions dealing with protective and anti-fouling compositions in 
British scientific literature is meagre, and it is fair to claim that the 
Sub-Committee’s First Report represents the first published organised 
attempt by investigators with no financial interest in the subject 
to deal with it on a broad and adequate scientific basis. 

The Sub-Committee regret that the Association should have 
charged them with withholding acknowledgments to “ those firms 
in the anti-fouling composition industry who laid open their research 
laboratories and testing stations to the Sub-Committee” at the 
time when the Sub-Committee were initiating their researches. 
The fact is that only one such testing station belonging to one firm 
was visited by representatives of the Sub-Committee. This visit 
occurred on December 8th, 1939, when the Chairman, the Official 
Investigator and one other Member accompanied. representatives 
of the Admiralty Corrosion Committee on a visit to the marine 
station of the International Paint and Compositions Co., Ltd., at 
Newton Ferrars. The party was cordially received by members of 
the scientific staff of the International Company and an inspection 
of the laboratory and testing raft was made. It is possible that, 
writing three years after the event, the Association of Ships’ Com- 
positions Manufacturers may be under the impression that the 
Sub-Committee’s testing procedure was markedly influenced by 
this visit. The Sub-Committee can only assure the Association that 
this was not the case, since their experimental arrangements had 
already been made in detail and were not appreciably modified 
thereafter. - Consequently, whilst the Sub-Committee gladly express 
their appreciation of the courtesy shown by the International Paint 
Company on that occasion, they cannot agree that their policy or 
subsequent action were in any tangible way affected by this visit, or 
that they have been materially assisted in the conduct of their 
investigations by the Association. There have been occasional 
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contacts between the Sub-Committee’s biologists and those of 
the International Paint Company; it is hoped that these will 
continue. 

The main criticism of the experimental work adduced by the 
Association relates to the raft tests on proprietary compositions. 
It is chiefly centred round the fact that no attempt was made to 
control the weights of the individual paint films applied. Two 
courses were open to the Sub-Committee : 


(1) To endeavour to apply the wide variety of compositions 
represented at a uniform predetermined spreading rate, or 

(2) To apply the compositions as they stood, brushing 
them out so as to give as adequate a coating as possible in 
each case. 


As regards (1), it should be noted that the weights per gallon 
of the anti-corrosive compositions in the Caernarvon tests varied 
from 10-2 to 39-9 Ib. In the case of those paints for which the 
necessary data are available, it is calculated that the density of 
the dry film varied from about 1-25 to 5-65. Presumably, similar 
variations occurred for the anti-foulimg compositions. It is clear 
that the application of equal weights of paint per unit area 
would have resulted in substantial differences in film thickness. 
Scientifically it would be more correct to endeavour to apply the 
paints in the same film thickness or alternatively at the same 
spreading rate per gallon. In the Sub-Committee’s tests, the 
variation in the consistency of the individual compositions was 
such that it would have been impossible to adopt either course, 
unless the heavier compositions and those with the greater body 
had been brushed out to an excessive thinness, so as to match the 
more fluid paints; the latter would have dripped from the specimens 
like water had attempts been made to apply them in appreciably 
greater weights per unit area. 

For a practical test such as that contemplated, procedure (2) 
seemed far more sensible and was adopted. In effect, do the 
Association seriously suggest that if, instead of the small samples 
sent for the Sub-Committee’s tests, substantial quantities of the 
same compositions had been supplied by each firm, and each com- 
position had been applied to a different ship, the foreman painters 
concerned would have followed any other course? Apart from a 
possible thinning of the thickest compositions, they would have 
applied them all as received and would certainly have made no 
attempt to ensure that each and every paint was applied at the 
same uniform and predetermined spreading rate. | 

With reference to Table IV., the Association point out that 
the maximum variation in the weight of individual painting 
schemes was 5-4 to 1 at Plymouth and 4:6 to 1 at Caernarvon and 
go on to state that anything less scientific or more inaccurate 
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would be difficult to imagine. The reply to this criticism is the 
simple statement of fact. that similar variations in weights of 
paint would have occurred if the tests had been carried out under 
practical conditions on a ship’s hull. In the published account 
of the tests conducted by the Main Committee on the hull of H.M.S. 
Basset will be found a record of observations of the weights of 
paint applied at successive dry-dockings.1_ These show that the 
mean weight of eight anti-corrosive coats applied over a period 
of two years was 0-51 oz. of wet paint per sq. ft. The corresponding 
figure for five coats of anti-fouling composition was 0-53 oz, per 
sq. ft. The variation in the weight of individual anti-corrosive 
coats was from 0:31 to 1-2 oz. per sq. ft. and in that of the anti- 
fouling coats from 0-27 to 0-8 oz. per sq. ft.2_ When it is considered 
that all the compositions concerned were obtained from only two 
different manufacturers and that the painting was carried out 
under good conditions in H.M. dockyards it is obvious that an 
overall variation of 5 to 1 under practical conditions might readily 
occur if a test were made on between twenty and thirty brands 
of proprietary paints. 

It should further be noted that the average weight of a three- 
coat painting system as actually applied to the hull of H.M.S. 
Basset, i.e., two anti-corrosive and one anti-fouling coat, was 1-55 
oz. of wet paint per sq. ft. The average figures for the compositions 
in the Caernarvon tests are given below: — 


Weight of Wet Paint. Oz. per sq. ft. 


Pickled Repainted 
Coat. Surface. « Surface. 
First, anti-corrosive s é 0-219 0-248 
Second, anti-corrosive .- 3 0-222 0-240 
Third, anti-fouling . : 0-346 0-365 
0-787 0-853 


It will be seen that the total weight of paint is significantly greater 
on a repainted than on a pickled surface. The average figure for 
both surfaces is 0-82 oz. per sq. ft. as compared with the figure of 
1:55 oz. per sq. ft. for the practical test on H.M.S. Basset. It is 
fair to state that rather more paint will be lost under practical 
conditions than in the case of small specimens and, further, that 
some of it will be used to fill up depressions in the old paint surface. 
Consequently, the difference in the thickness of the coatings applied 
to the small specimens and of compositions as applied to a ship’s 
hull, though real, should not be exaggerated. In all probability 


1 Of. Fifth Report of the Corrosion Committee, p. 205, Table CXXI., The 
Tron and Steel Institute, 1938, Special Report. No. 21. ate 
2 The heaviest coatings were recorded at a dry-docking in May and the 
lightest at one in December, so that any temperature effect would have tended 


to reduce the differences between them. 
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the films on the specimens were at least half as thick as those applied 
to ships’ hulls and may have been more uniform. It is suggested 
that the soundest procedure when comparing a number of different 
compositions would be to apply each at two or three different 
spreading rates, but this course would have been impracticable in 
the case of an already extensive investigation such as that under 
discussion. 

The question of film thickness is closely associated with the 
Sub-Committee’s remarks concerning consistency, to which the 
‘Association take exception. There was a wide variation in the 
consistency of the samples received from individual manufacturers, 
and the Association cannot possibly maintain the position that such 
a wide variation in consistency is desirable. The manufacturers 
who supplied the compositions with the thinnest consistencies 
probably obtained less favourable results than they would have done 
if they had paid attention to this factor. They may, of course, 
argue that the samples submitted were formulated for application 
by long-handled strikers, such as would be used under practical 
conditions. Although this explanation might hold good for the 
first set of samples tested at Plymouth, it cannot be adduced in 
respect of the second set of samples, supplied for Caernarvon, where 
marked differences in consistency were again observed, since at the 
conclusion of the Plymouth tests a detailed report on the conduct 
of the experiments and the behaviour of their own compositions 
was sent to each individual manufacturer; consequently, they 
should have been under no illusion as to the experimental procedure 
to be adopted in the raft rests at Caernarvon. 

With reference to the Association’s suggestion that “‘ the pre- 
vention of corrosion‘seems to be more of a problem for the metal- 
lurgist to produce steel less subject to corrosion,” it may be remarked 
that the Corrosion Committee have been busily engaged for a 
number of years in investigating the effects of alloying elements on 
the corrosion resistance of steel in various types of corrosive media, 
including sea water. In fact, they have recently prepared a further 
series of some 50 laboratory heats of special steels for this purpose. 
The general trend of the observations made to date is that, in the 
absence of any revolutionary discovery, it will remain necessary to 
protect any steels of the lightly-alloyed type such as might be 
suitable on economic grounds for use for shipbuilding purposes. 
Consequently, the study of protective coatings for steel immersed 
in sea water is a vital problem; at present, the most important 
of such coatings is paint. The bearing of the behaviour of the 
anti-corrosive coat on that of the anti-fouling composition has 
pertieh been stressed in the Report and need not be elaborated 

ere. 

It does not necessarily follow that the publication of reliable 
formulations for bottom compositions would automatically bar 
the way to further development and research by individual manu- 
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facturers. The policy pursued by the German State Railways 
has much to commend it. Whilst specifying formulations and 
performance tests for the paints required for their various main- 
tenance purposes, they are prepared to consider alternative products 
from paint manufacturers, provided that the latter demonstrate 
to the Railway Company’s satisfaction that these are better than 
their existing formulations. 

With reference to the summary of the analyses of proprietary 
compositions given in Tables II. and III., it is readily conceded 
that a differentiation between anti-corrosive and anti-fouling 
compositions would have been desirable on scientific grounds. 
The main purpose of these Tables is, however, to demonstrate the 
wide range of formulations used for bottom compositions at present. 
They cannot all be right; some must be better than others, and 
the Sub-Committee reiterate their remark that it is desirable to 
reduce ships’ bottom compositions to a few tested formulations of 
known performance, incorporating the best combinations of medium, 
pigment and toxins, provided that, as already stated, this is done 
in such a way as not to bar the door to further progress. 

In no passage, so far as can be judged, does the Official In- 
vestigator ‘‘ make it clear ’’ that these analyses will help to formulate 
compositions with the avowed intention of publication. Their main 
object was to obtain general information about the materials tested. 
The analyses have yielded one or two interesting indications, but 
broadly it is fair to state that the Sub-Committee are proceeding to 
build up their own formulations from first principles, with no 
reference whatever to existing proprietary materials. 

The answer to the enquiry as to what significance is to be 
attached to the testing method in which an unpainted holiday is 
left on the surface is that the ideal paint is one that will give 
adequate protection to the rest of the plate and at the same time 
prevent severe corrosion in the holiday, 7.e., the test is intended as 
a criterion whether a given paint will or will not stimulate corrosion 
by electrolytic action at a bare patch such as might be caused, for 
instance, by mechanical damage. Both the paints postulated by 
the Association would be considered imperfect. 

With reference to the Association’s remarks on Table VIII., 
there has been no general condemnation of commercial anti-fouling 
compositions. What has been established is that some of them 
when applied to new construction are much better than others. 
The standards of performance at which compositions should be 
graded as good or bad, &c., must be chosen in an arbitrary manner 
and will depend on the circumstances of the test. The Sub-Com- 
mittee have been at pains throughout the Report to emphasise 
the differences between their raft tests and practical conditions. 
They make it clear that a different order of merit and improved 

1 Deutsche Reichsbahn-Gesellschaft, ‘‘ Technische Vorschriften fiir den 
Rostschutz von Stahlbauwerken,”’ 1935, paragraph 1, clause 9. 
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performance from the bad compositions might be observed after 
the paint film has built up to a considerable thickness on the hull 
of the vessel. Yet, when all these remarks and qualifications have 
been made, the fact remains that the policy of applying an inferior 
paint sufficiently often until it sticks does not seem to be the best, 
and there is no doubt that by the use of better compositions the 
desired performance could be achieved at an earlier stage in the ship’s 
history with the application of fewer coats of composition. 

The Sub-Committee agree that further evidence is desirable 
to confirm their statement that a toxic index of 30 or more is 
necessary to ensure a life of six months against fouling at Caernarvon. 
This subject and the Association’s comments on the comparison 
of the result of raft tests with service performance are considered 
in detail later in this reply. 

The Sub-Committee also agree that no deductions of value can 
be made from Table XI. and in fact they have contented themselves 
with placing the results on record and making no deductions. Inci- 
dentally, the necessity for such data is an illustration of the com- 
plete lack of published data in the scientific literature. The effect 
of the interval between the application of the anti-fouling coat and 
immersion is amenable to simple physico-chemical study. 

It would have been more correct to state at the foot of p. 371 P 
that a few of the paint films had lost their adhesion during immersion ; 
that they were readily removed by cleaning, rather than the fact 
that they had softened, was taken as an indication that they were 
nearing the end of their useful life. 

It is regretted that with reference to Table XIII. it is not made 
clear in the text that the same specimens were used at Plymouth 
and Caernarvon for each proprietary paint (with the proviso that, 
there being more compositions at Caernarvon than at Plymouth, 
it was necessary to prepare an additional number of dummy speci- 
mens, as described on p, 357 P). Consequently, in the majority of 
cases, the old and the new paints were the same painting scheme. 

The Sub-Committee agree that the deposit of calcium carbonate 
referred to on p. 401 P forms the cathode. Actually, the deposit 
contains rather more magnesium than calcium. This is shown by 
the analysis of a deposit produced electrolytically on steel cathodes 
in sea water in the course of some experiments undertaken by the 
Corrosion Committee to elucidate the causes of a severe attack of 
pitting on the shell plates of H.M.S. Niger.4 


_ In replying to the other contributors to the discussion, the 
Sub-Committee wish first of all to thank Sir Stanley Goodall, 
Mr. Ballard and Mr. Nicholls for their kind and encouraging 
remarks. They hope that the continued progress of their researches 
will throw further light on the problems of the prevention both of 


* Fifth Report of the Corrosion Committee, loc. cit., p. 218. 
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fouling and of corrosion of ships’ hulls and alleviate some of the 
difficulties to which Sir Stanley Goodall refers. 

It will be convenient to deal first with the general questions 
raised concerning the anti-fouling work and to consider these in the 
order in which they arise in the Report. 

Comparison of Raft with Service Tests —The Sub-Committee are 
now carrying out tests of both types. While it would appear that 
ship tests are more useful from the practical point of view, this is 
not necessarily true. Fouling is a very discontinuous process— 
non-poisonous plates can often be immersed for some days during 
the “ fouling season ” and yet collect only a negligible amount of 
young organisms. It is clear that a ship which voyages from port to 
port, with limited periods of stay in each, may quite possibly escape 
fouling completely even though its anti-fouling coating is ineffective. 
If the ship is quartered with two different compositions, a com- 
parison of the performance of the two will, as Mr. Nicholls points 
out, provide reliable comparative evidence of the wear and resistance 
of the two paints. Complete absence of fouling in such a test does 
not indicate that both paints are good from the anti-fouling point 
of view, and even if one paint is fouled and. the other free from 
fouling the comparison does not necessarily prove that the un- 
fouled paint is the superior. This sounds surprising, but a concrete 
example can be provided from a carefully controlled raft test at 
Millport where, of two paints, after six months the better paint 
showed hydroid fouling and the inferior one no fouling. 

Only when the number of service tests is very considerable, or 
when the vessel has been in port for a very large proportion of the 


ait 


time, can a ship test be regarded as fully conclusive. For the 
testing of new compositions it therefore follows that a raft test is 
not only simplest but much more decisive. 

From the biological point of view the stringency of a raft test 
lies merely in the fact that it provides a continuous long exposure 
to a heavy though intermittent source of infection; a paint failure 
will be detected within a short time of its occurrence on a raft test ; 
it may escape serious fouling for a very long period on a single ship 
test. 

In this connection Mr. Payne’s remarks are of much interest, 
since they would indicate that the discrepancy between the lives 
of paints on the raft and in a large number of service tests is smaller 
than the Sub-Committee’s Report suggests. ; 

Exfoliation Mechanisms.—The use of grease paints, mentioned 
by Mr. Nicholls, seems to be limited to services where frequent 
replacement of the coating is possible. The mechanism of protec- 
tion in these paints necessarily involves the erosion of the paint, 
which cannot have a long life. In addition, such paints would be 
difficult to design to work over very wide ranges of temperature. 

Mr. Dyche Teague’s reference to the lack of fouling on algal 
surfaces is probably a biological example of an exfoliation mechanism, 
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due to a continuous secretion of slime from the surface. Dead 
alge and living marine organisms possessing a “ dead ” skin—such 
as crabs and lobsters—do foul quite freely. The Americans have 
reported that algal. decoctions have a definite anti-fouling action, 
but in the latest reference to this subject 1 the decoction was stated 
to be so violently corrosive that paint tests with it were impracti cable. 

Removal of Fouling Organisms.—It is known that the friction 
of water movement against the ship’s side removes a considerable 
amount of the algal and hydroid fouling. This process may be 
aided by first killing the organisms in fresh water, in the manner 
referred to by Rear-Admiral Boxer. This will kill some, though 
not all, of the algal fouling (some species of Cladophora and Entero- 
morpha can survive in fresh water) and will kill most of the animal 
fouling, whose skeletons and shells will remain attached. Such a 
procedure will therefore be advantageous if carried out soon after 
the settlement of the organisms, but will have much less effect on 
fouling which is well advanced. 

Toxic Index.—The use of the “ toxic index ’”’ concept to predict 
the life of the paint does not fully represent the facts, as the Associa- 
tion of Ships’ Compositions Manufacturers pomt out; it was 
originally developed for a different purpose, for which it is much 
better employed, 7.e., to predict the order of merit as regards pro- 
tection against fouling afforded by a series of paints at any given 
time. The index was based on a statistical analysis (made by the 
multiple-correlation technique) of the performance of all the paints 
tested, at two and six months after immersion, compared with the 
copper, mercury and arsenic contents given by analysis and with 
the weight of paint applied. It was found possible to predict 
with surprising accuracy the anti-fouling effect of twenty-four out 
of thirty-one of the compositions from these four values alone. 
Four paints which gave better results than predicted revealed on 
analysis the presence of an organic arsenical derivative of diphenyl- 
amine; one paint was a very abnormal type of coating not com- 
parable with the others. 

The fact that the performance—not the life—was predicted 
within the small limits of experimental error in twenty-four cases 
out of the remaining twenty-six suggests very strongly that only 
the copper, mercury (and to a very small extent the arsenic) con- 
tents appear to play a part in the behaviour of the compositions. 
The exceptions, in which the presence of the organic arsenical (not 
found in twenty-seven paints) was independently established by 
analysis, serve to emphasise rather than to disprove the rule. 

The correlation between the weight of paint coat and the anti- 
fouling effect in this analysis was negative, i.e., the greater the weight 
of paint (other things being equal) the less was the anti-fouling 
effect. This is in agreement with the comments of the Association 
that low weights are associated with more rapid breakdown (i.e., 
more rapid liberation of the poisons and therefore greater toxicity) 

* Adamson, Drugs, Oils and Paints, 1934, vol. 49, p. 454, 
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It is not intended to suggest that the percentage of poisons is 
the only factor concerned in the behaviour of an anti-fouling paint, 
as the results in Section C clearly indicate. The success of the toxic 
index concept does, however, imply that the paint vehicles used 
by all the composition manufacturers are sufficiently similar in 
character for the anti-fouling effect to be predicted almost entirely 
from the copper and mercury contents of the paint. 

Poisons in Anti-Fouling Paints ——While all the evidence of the 
Sub-Committee suggests that inorganic arsenic (e.g., in the form 
of As,O3, arsenites, aceto-arsenites) has no anti-fouling property, 
organic arsenic may be quite effective. The use of the “ poison 
gas,” chlorphenarsazine (D.M.) as an anti-fouling agent is well 
known; this substance is at least 100 times as toxic as sodium 
arsenite to marine crustacea. 

The use of leaching tests in evaluating the efficacy of copper- 
containing paints has been known to the trade for some time, 
perhaps even before the American work referred to by Sir Stanley 
Goodall. It is hoped to describe in some detail the technique and 
results of leaching tests for copper, mercury and a number of organic 
poisons in the next Report of the Sub-Committee. 

The Sub-Committee’s work would suggest that the acid radical 
with which copper is combined does not influence the anti-fouling 
efficiency of the paint, provided that the copper compound used is 
not too soluble (leading to premature breakdown) or too insoluble 
(which gives no anti-fouling action). For inorganic compounds, 
therefore, cuprous oxide (with the highest copper content and the 
right order of solubility) is likely to be the most effective. Copper 
bronze may be more so than cuprous oxide, but it raises special 
problems, ¢.g., of electrolytic action, &c. 

The fact that some organic poisons are used in commercial 
paints (in Great Britain and elsewhere) is well known. Neverthe- 
less, it is evident that further investigation along these lines is needed, 
since a very large amount of mercury is still used in Britain in spite 
of the supply position. 

It is very doubtful whether zinc can have a practical anti- 
fouling value. Judging from its toxicity, it could only function by 
so rapid a rate of solution that an impossibly large reservoir of zinc 
would have to be provided to maintain its toxicity for any length 
of time. Mr. Ballard’s suggestion to use the porous structure of 
certain types of zinc-sprayed coatings as a matrix to contain the 
poisons is an interesting one. Some work on these lines is already 
being carried out by the Sub-Committee. 

Paint Breakdown.—If the discharge rate of the poison is suffi- 
ciently reduced, failure of the paint system to prevent fouling may 
occur before the disappearance of the anti-fouling coat. On the 
other hand the Sub-Committee would agree with Mr. Payne that 
failure has occurred when any appreciable amount of fouling has 
set in. 

The statement on p. 418 P that some paints fail by an almost 
1943—i 2G 


450 P FIRST REPORT OF THE MARINE CORROSION 


catastrophic mechanical breakdown is based on leaching tests in 
which the anti-fouling coating was applied at a constant spreading 
rate of 0-52 oz. per sq. ft. (wet weight). a 
While it is agreed that flaking is found to be less on ships in 
service than on the test plates used in the present work, ship- 
builders are almost unanimous in pointing out the loss by flaking 
of a considerable area of the painting system applied before launch- 
ing. In view of the amount of new shipping now being produced 
and the absence of dry-docking facilities to repaint it after the fitting- 
out period, this defect may be of greatly increased importance at 
resent. 
Table XXXII. and Fig. 10 refer to bacterial slime formation. 
Fig. 12 refers to slime which is largely diatomaceous in character. 


In conclusion, answers are given to a few individual questions 
not covered by the previous general replies. 

The oral discussion chiefly centred round the question raised by 
Dr. Hatfield as to whether there has been any change in the com- 
position of the surface characteristics of ships’ plates as supplied by 
steelworks during the past 40 years that would affect their resistance 
to corrosion in sea water. This and other cognate points were 
dealt with at the time by Mr. Kerr, Mr. Harbord, Mr. Robinson and 
Mr. Ripley, and the Sub-Committee are in substantial agreement 
with the views expressed by these gentlemen. Thus, as Mr. Harbord 
stated, it is true that, owing to the continued use of scrap, the 
amount of elements such as copper and chromium in ordinary mild 
steel are increasing. It may be remarked, however, that con- 
siderable tonnages are still produced in Lincolnshire and elsewhere 
from practically virgin pig iron with a low copper content. So far 
as the presence of copper is concerned, the atmospheric corrosion 
tests of the main Committee failed to show any significant differences 
in the times necessary to remove the rolling scale by weathering 
from ordinary and from copper-bearing steel (copper up to 0:5%) 
in different climates. * 

As Mr. Robinson remarked, rolling conditions have altered con. 
siderably during recent years. On the whole, since finishing tem- 
peratures will in general be higher, this should lead to more rapid 
and complete removal of mill scale by weathering; the redder low- 
temperature scales are more resistant. Complete removal of the 
mill scale by weathering takes considerable time and cannot be 
guaranteed to occur under much less than a year in the climate of 
Britain; consequently, the quicker delivery and use of plates under 
modern conditions will lead to less complete descaling as compared 
with older days. 

Mr. Kerr’s enquiry as to whether a type of steel or steel surface 
could be produced which would render painting unnecessary has 
already been considered when replying to the Association of Ships’ 
Compositions Manufacturers. In the present state of knowledge 
an economic solution on these lines appears improbable. 
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In reply to Mr. Wood, it is correct that arsenic has anti-corrosive 
properties. For instance, the presence of a small percentage of 
arsenic in steel, say, 0-1%, will increase its resistance to atmospheric 
corrosion. It is an interesting speculation as to whether the in- 
corporation of poisons, so far as practicable, in the anti-corrosive 
coats themselves would enhance the behaviour of the anti-fouling 
composition proper. 

Mr. Ballard’s comments on the use of metallic coatings for 
underwater protection are particularly welcome. He refers to the 
possible use of sprayed lead coatings, but expresses doubt as to their 
suitability on mechanical grounds. A variety of metal-sprayed 
specimens was prepared for test by the Protective Coatings Sub- 
Committee shortly before the outbreak of war. Some of these have 
been exposed in sea water for two years and examined after removal. 
It is permissible to anticipate publication to the extent of saying that 
Mr. Ballard’s doubts are correct. It was found that coatings both 
of lead and of tin had failed locally and that intense corrosion of the 
steel base had occurred at these places as a result of galvanic action, 
the coatings being cathodic to the steel. 

The practical contribution from a Marine Superintendent is 
interesting. It seems reasonable that if the paint film is intact the 
application of further anti-corrosive paint might prove unnecessary. 
Presumably the formulation of the anti-fouling composition would 
require modification if it were applied directly to the old paint with 
no intervening anti-corrosive coat. It is probably correct to 
conclude that there is little point in applying an inhibitive paint 
unless it is in direct contact with the steel or the existing paint film 
is imperfect. For instance, in the case of protection against 
atmospheric corrosion, the priming paint might suitably be of red 
lead, which is inhibitive, but it is unnecessary to use this pigment 
in the finishing coats, quite apart from any considerations of its effects 
on the physical and chemical properties of the paint film itself. The 
Sub-Committee would welcome similar practical contributions 
summarising the experience of other marine superintendents. 

The corrosion of the internal plates and fittings of oil tankers is 
admittedly a serious problem, references to which will be found in 
the Committee’s Fifth Report! and in their Fourth Report.? 
Plans for the conduct of experimental work on the subject have been 
interrupted by the war. , 

The Sub-Committee are in complete agreement with Rear- 
Admiral Boxer as to the desirability of introducing mechanical 
methods of cleaning and coating into dockyards, so far as is practic- 
able. Admittedly, there are grave practical difficulties to be over- 
come, but these should not prove insuperable. Since success with 
painting largely depends on the condition of the surface to which 
it is applied, a fairly substantial expenditure in this direction might 
prove economical in the long run. 

1 Loc. cit., p. 220. ' 
2 The Iron and Steel Institute, 1936, Special Report No. 13, p. pase 
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Further Correspondence on 


THE FORMATION OF HAIR-LINE CRACKS .— 
PARTS I. AND II. 


By Proressor J. H. ANDREW, D.Sc., A. K. BOSE, B.MErt., Pu.D., 
G. A. GEACH, M.Sc., Po.D., H. LEE, B.Ene., Pu.D., and A. G. 
QUARRELL, Pu.D., F.Ivnst.P. (THE UNIVERSITY OF SHEFFIELD). 


The two papers bearing the above title were presented for discussion at 
a Joint Meeting of the Sheffield Society of Engineers and Metallurgists, the 
Sheffield Metallurgical Association and The Iron and Steel Institute, held at 
the Royal Victoria Station Hotel, Sheffield, on 24th October, 1942, under 
the Chairmanship of Dr. W. H. Hatfield, F.R.S. (Vice-President of The Iron 
and Steel Institute and President of the Sheffield Society of Engineers and 
Metallurgists). The following contribution was received too late to be included 
with the rest of the discussion and correspondence, which together with the 
papers themselves will be found in the Journal of The Iron and Steel Institute, 


1942, No. II., p. 193 P e¢ seq. 
(Figs. H to J.= Plate XVIII.) 


Mr. A. C. Harris (Steel Corporation of Bengal, Burnpur, Bengal, 
India) wrote : The following notes are compiled with a view to seeing 
to what extent industrial exerience with hair-line cracks in basic 
open-hearth steels can be explained by the conclusions arrived at 
in the papers and how in some cases there appears to be some 
contradiction. 

(1) Nature of the Defect—The most infallible way of discovering 


is by nicking and cold-breaking a bar, when they 


hair-line cracks 1 
appear as small grey fibrous lipped “‘ fissures,” disposed in the same 


manner as that brought out by magnetic testing or deep etching, 
such as shown in Part II., Fig. 35, of the authors’ papers. The 
accompanying photograph, Fig. H, is of a 3}-in. dia. bar broken 
in this way, and the phenomenon was once aptly described by an 
operative as “ pepper-box piping.” Actually the term “ hair-line 
cracks” gives an impression of something almost one-dimensional 
whereas they are more nearly two-dimensional, the third dimension 
being so small that only the finest microscopical technique can 


discover any crack in commercial specimens known to contain them. 


However, for brevity in what follows, the term “cracks” refers 


only to the type of defect under discussion. 

(2) Cause.—The papers having shown that hydrogen 1s the funda- 
mental cause of these cracks, why was it necessary to soak for so 
long and quench in order to be sure of obtaining cracks? In 
industry the difficulty is to prevent them in certain classes of steels, 
and yet how can, say, 50 or 100 tons of steel absorb anything like 
an amount of hydrogen comparable to that employed in the experi- 


454 P ANDREW AND OTHERS : THE FORMATION OF 


ments? Has any attempt been made to find the minimum absorp- 
tion of hydrogen required to produce cracks in any one steel—or, 
say, the minimum time of soaking ? — 

(3) Prevention and Cure.—I do not think that I am giving away 
any trade secrets when I say that cracks may always be prevented 
by sufficiently slow cooling after hot-working or, if this has not been 
done, eliminated by further hot-working followed by slow cooling. 

Now, this means (a) that slow cooling prevents the formation 
of the hydrogen-rich constituent, or (b) that sufficient hydrogen 
escapes from the steel to render it immune. 

‘Have these factors been determined experimentally, even as to 
how much hydrogen was evolved on cooling? It would seem that 
(b) is the more potent factor, because steel, once slow-cooled as 
described, hardly ever shows any cracks in subsequent working. 
On the other hand, how did hydrogen escape from the large samples 
slowly cooled and enclosed in hydrogen, as described on p. 233 P of 
Part II? In the next experiment saturation in hydrogen followed 
by air-cooling surprisingly did not produce perceptible cracks in 
as-cast S11 steel but did so in hot-rolled specimens. The explanation 
may have been supplied to some extent in Part I., pp. 200 P-201 P, 
when discussing as-cast specimens. 

If, however, these facts are correlated, then all industry need 
do is to allow all steel ingots of types known to be prone to cracks 
to cool before reheating for rolling, a procedure directly opposed to 
normal practice. 

Again, the experiments show the large evolution of hydrogen 
on cracking and reheating, but if “‘ cracked steel” is reheated, 
hot-worked and not slow-cooled, cracks reappear and continue to 
do so on further similar treatment. Can methane retention fully 
account for this? Does the methane also come out in the one 
slow cooling after hot-working that is the complete prevention 
and cure ? 

(4) Effect of Alloys —Commercially, trouble is rarely experienced 
with plain carbon steels on normal cooling, but only with such 
low-alloy steels as may be made in the basic open-hearth furnace. 
Of these alloys, increased silicon and chromium (which raise the 
change point) do not usually give “ hydrogen ”’ cracks, but nickel 
and molybdenum do. Further, a 5% nickel steel gives more 
trouble than a 3% and a 3% more than a 1% steel. In other 
words, as mentioned in the paper, a depression of the change point 
seems to be the crucial factor in the retention of hydrogen or the 
formation of the ‘‘ hydrogen-rich constituent.’ Can the latter be 
some compound of nickel and hydrogen? It should be remembered 
that practically all commercial plain carbon steels nowadays contain 
small but maybe significant percentages of nickel, so that the 
ability to produce cracks in these does not invalidate the idea 


(or manganese might substitute for nickel—see paragraph (5) 
below). 
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Puate XVIII. 


Fic, H.—3} in. dia. Bar of S11 Steel, nicked 
and broken. x 0-6. 


Fic. I.—Rail Failure in Service due to 
extension from a grey spot. x 0-6. 


Fic. J.—0-65% Carbon Billet with grey spot after 
quenching.  U:8. 


(Harris on Andrew and Others. 
(To face p. 454 P. 
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(5) Effect of Rapid Cooling on Carbon Steel—As mentioned 
before, hair-line cracks are rarely encountered in the general run of 
commercial carbon steels. Rails, however, as is well known, 
sometimes give rise to fissures which can be detected magnetically 
and which present closely allied features. When a rail head is 
partially quenched after hot-rolling, as in the sorbitic process, it is 
apt to develop this defect in a more striking form, giving the once 
well-known “ grey spots,’’ an example of which is shown in Fig. I. 
Here, again, we have the two-dimensional property and unsym- 
metrical position well removed from the surface. These spots are 
so brittle that a rail will fly off at that point even when given a blow 
some distance away from it. Lest it be thought that it is purely a 
question of uneven cross-section, Fig. J shows a grey spot in the 
corner of a 4-in. billet (about 0-65°% carbon) which flew off in a 
conchoidal fracture on water-quenching after rolling. Are these 
fissures and grey spots also due to hydrogen? The answer may 
again be found in the cure. If the rails are slowly cooled after 
sorbitising grey spots are never found, while almost the world over 
rail-makers have adopted the precaution of controlled cooling even 
for ordinary rails. Further, this measure has been found more 
advisable since the increased popularity of higher-manganese 
content—again that depression of the change point. 

(6) Effect of the Defects on M echanical Properties —The embrittling 
effect on a rail has already been touched upon. In Table A are 
quoted figures of tensile tests on two bars of the same cast, one 
of which was sound and one badly fissured. Yes! itis quite possible 


Tapte A.—Mechanical Test Results. 


Analysis: O. %. Si. %. si G&c 12 hn Mn. %. Ni. %. (is Go 
0:30 0-178 0-022 0-024 0-56 3-0 0:39 
Yield Point. | Max. Stress. | Elongation. Reduction of 
Tons per sq. in.|Tons per sq. in. %. Area. %,. 
Good bar, 0.Q. 850° C., T. 
600° C. 2 - : 42-0 60-0 22-0 62-8 
“ Fissured ”’ bar, as-rolled 27-6 38:0 2-0 3:0 


Noret.—While a comparison between a heat-treated and an as-rolled test 
is admittedly unfair, the obvious brittleness of the defective bar is clearly 


brought out. 


to find part of a cast showing cracks and part not, when normally 
cooled. Can it be that some bars have just missed a critical rate 
of cooling, or have some ingots picked up more hydrogen in the 
soaking pits or reheating furnaces? Truly, though Professor 
Andrew and his co-authors have given us the clearest exposition 
of the subject yet attempted, there are still some aspects of the 
question to which their conclusions do not appear to supply a com- 
pletely satisfactory answer. 


er 
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AUTHORS’ REPLY. 


In reply the AUTHORS wrote: We are grateful to Mr. Harris for 
his contribution to the discussion, and we are glad to have the 
benefit of his practical experience. “We fail to see, however, the 
‘‘ contradictions ”’ to which he refers. Whilst it is true that we 
adopted as standard the practice of soaking in hydrogen for 90 hr. 
at 1200° C., it is also a fact that we showed that, with 1?-in. dia. 
specimens, cracks could be produced after only 2 hr. soaking at this 
temperature. Further, when investigating the effect of soaking 
time upon the amount of hydrogen retained, it was found that there 
was no appreciable variation in the hydrogen content when the 
soaking time was increased from 70 to 140 hr. (Table VIL., Part I1., 
p. 216 P), and, therefore, 90 hr. was adopted to give the maximum 
hydrogen effect. 

Mr. Harris has suggested that it is impossible for an open-hearth 
melt to absorb as much hydrogen as we introduced into our speci- 
mens, but recent work has shown | that molten steel may actually 
contain more hydrogen than we ever retained after our treatment. 
Moreover, by bubbling hydrogen into a 50-lb. crucible melt we have 
retained in the resulting air-cooled solid 3-in. square ingot no less 
than 10 c.c. of hydrogen per 100 g. of metal. There can be little 
doubt, therefore, that even greater quantities of hydrogen may be 
present in industrial steel both in the molten state and, owing to the 
large sections involved in industrial practice, in the freshly solidified 
metal. 

With the small specimens employed in laboratory experiments 
relatively rapid cooling is necessary to retain sufficient hydrogen 
for the formation of cracks. We have found that it is possible for 
specimens of our standard size to have hydrogen contents of 3:5 c.c. 
per 100 g. without hair-line cracks, whilst we have obtained cracks 
in similar specimens containing hydrogen to the extent of 5 ¢.c. per 
100 g. On this basis it would appear that a hydrogen content of 
some 4 c.c. per 100 g. is necessary for the production of cracks in 
these small specimens. 

As we have replied to other contributors to the discussion, 
industrial methods of preventing hair-line cracks are generally in 
keeping with our view that the important factor is the removal of 
sufficient hydrogen from the metal. Broadly speaking, there are 
two methods by which hydrogen in solution may be removed from 
steel. The first consists in heating in an atmosphere in which the 
hydrogen concentration is low, and this forms the basis of ingot 
annealing prior to forging. The other method is to cool so slowly 
that the hydrogen content of the steel is always near that indicated 
by the solubility-temperature curve of the metal. This process can 
be carried out even in a hydrogen atmosphere, and accounts for the 


* Fourth Report of the Oxygen Sub-Committee, Journal of The Iron and 
Steel Institute, 1943, No. II. (advance copy). 
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experiment described on p. 233 P to which Mr. Harris refers. The 
shape of the solubility curve indicates that there will be a marked 
evolution of hydrogen as the steel undergoes transformation, and 
extremely careful cooling is necessary if this evolution is not to cause 
trouble. This explains why the depression of the change point is 
such a crucial factor. The lower the temperature at which the 
transformation occurs the slower will be the rate of hydrogen diffus- 
ion through the steel. If sufficient hydrogen is present and the steel 
is cooled through the transformation range at a rate that will not | 
permit the solubility-temperature curve to be followed, hydrogen- 
rich austenite may be retained and this will subsequently give rise 
to cracks in the manner which we have already described. The 
critical rate of cooling will be governed by a number of factors apart 
from the temperature of transformation, and it is probable that the 
size of the steel section is the most important of these. 

Whilst hydrogen in solid solution is removed more or less readily 
on heating, the difficulty of the complete removal of the hydrogen, 
particularly from the ingot, is increased by the fact that hydrogen 
may be stored in blow-holes, &c., in the molecular form or as 
methane. The production of cracked and sound bars from the 
same cast to which Mr. Harris refers can probably be correlated with 
the soundness of the corresponding part of the ingot. 

We reported the production of internal cracks in plain carbon 
steels and in American rail steel, and although the fissures developed 
in rails are in certain important respects different from hair-line 
cracks or snowflakes, there seems little doubt from the published 
work that they owe their origin to hydrogen. 
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MINERAL RESOURCES 


Iron Deposits of the West of England. F. J. Stephens. (Iron 
and Coal Trades Review, 1942, vol. 145, Sept. 25, pp. 839-842). 
The author reviews the history of the iron-ore industry of the 
south-west of England, which, up to about 1880, was producing large 
quantities of ore for furnaces in South Wales, and even for the 
North-East-Coast furnaces. He believes that large quantities are 
still available in the south-west. 

Magnetite-Hematite Relations in the Banded Iron Formations 
of Western Australia. K.R. Miles. (Proceedings of the Austral- 
asian Institute of Mining and Metallurgy, Dec. 31, 1941, No. 124, 
pp. 193-201). The author gives a brief account of the geology of 
the banded iron formations of Western Australia, which occur most 
abundantly in the central and eastern goldfields, where they form 
portions of the Older Greenstone or Kalgoorlie Series of auriferous 
rocks. 

Ore and Coal in the Ukraine and in the Donetz Basin. (Stahl 
und Hisen, 1942, vol. 62, Aug. 13, pp. 697-700). A detailed account 
is given of the coal and ore resources of the Ukraine and Donetz 
basin, with estimates of the reserves and data on the production 
in recent years. 

The Ferro-Mineral Resources of South America. R. Stappen- 
beck. (Iron and Coal Trades Review, 1942, vol. 145, Oct. 2, pp. 
889-892). An abridged English translation of the author’s paper 
which appeared in Stahl und Hisen, 1942, vol. 62, Apr. 30, pp. 369- 
373 is presented. (See Journ. J. and 8.I., 1942, No. II., pp. 87 4). 

Manganese Deposits of Costa Rica, Central America. B. N. 
Webber. (American Institute of Mining and Metallurgical Engin- 
eers, Technical Publication No. 1445: Metals Technology, 1942, 
vol. 6, Mar.). The author gives an account of the geology of the 
manganese ore deposits of the Nicoya peninsula of Costa Rica. 
The ore production reached a peak of 10,000 tons in 1919, but had 
ceased completely by 1924. The present war has revived interest 
in this source of supply. Many new deposits have been discovered 
in the last 20 years, and some new trails have been cut, but actual 
exploration has not been extensive. 


REFRACTORY MATERIALS 


Microscopic Examination of Silica Refractories. P. F. F. 
Clephane. (London and Southern District Junior Gas Associa- 
tion: Refractories Journal, 1942, vol. 18, Sept., pp. 231-241). 
The author describes the apparatus and technique employed by 
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the Gas Light & Coke Company to make an accurate estimation 
of the refractive index of the quartz used as a raw material for 
making silica bricks. The refractive index of powdered quartz 
taken from kilned bricks enables a determination to be made of the 
degree of conversion to cristobalite which has been effected. The 
procedures for clay-bonded and lime-bonded silicas are different, 
and both are described. 

Mechanism of Wear of Blast Furnace Linings. H. M. Kraner. 
(Steel, 1942, vol. 111, Aug. 31, pp. 66-75). The author’s paper 
presented at a meeting of the American Ceramic Society is repro- 
duced. (See Journ. I. and §.I., 1942, No. II., p. 162 4). 

Soaking Pit and Reheating Furnace Refractories. J. H. Chesters. 
(Iron Age, 1942, vol. 150, July 16, pp. 35-42; July 23, pp. 38-43). 
After describing several modern types of soaking pits and reheating 
furnaces, the author discusses the refractories used in them in 
American and British practice. The most encouraging sphere for 
improving furnace efficiency lies in design. The recent develop- 
ment of the super-duty brick has reached a more advanced stage 
in the United States, due to the availability of the Missouri diaspore 
deposits, from which bricks can be made that will stand up to 
extremely severe conditions without undue vitrification. In 
general, soaking-pit and reheating furnace side walls are constructed 
of medium alumina brick, but low- and high-alumina brick are 
also employed, and give satisfactory service. The properties of 
eight bricks that have given good results are included in a table. 
The outstanding problem as regards the hearth is the method of 
removing or preventing the adherence of molten scale from the 
ingots or billets. The present methods represent an unsatisfactory 
compromise, and it would be better to work with a really fluid 
slag which could be efficiently tapped off, or to employ some device 
to enable hard scale to be removed without damage to the hearth 
below. In recent reheating furnace trials it has been found that 
stabilised dolomite brick can be protected with a }-in. layer of 
“basic”? (burned dolomite), which is brushed off the hearth as 
soon as it becomes slagged with scale. 

The Insulation of Furnaces. G. E. Foxwell. (British Steel- 
maker, 1942, vol. 8, Oct., pp. 266-272). The author explains some 
calculations respecting thermal conductivity and heat losses due 
to radiation and convection, and discusses the benefits that can be 
obtained by insulating industrial furnaces. In general terms, 
insulation reduces the loss by conduction through the walls without 
sensibly increasing the mass of brickwork and the corresponding 
loss by heat storage. Furnaces should therefore be constructed 
with reasonably thick insulation and with the thinnest practicable 
firebrick lining, consistent with adequate strength and durability. 
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Julius Robert Mayer and His Mission. W. Ostwald. (Stahl 
und Hisen, 1942, vol. 62, Aug. 27, pp. 725-726). A brief account -~ 
is given of the work of J. R. Mayer (born 1814, died 1878), with 
special reference to that concerned with the conservation of energy 
and the mechanical equivalent of heat. 

A Note on the Relation of Heat Loss and Temperature in Furnaces. 
G. O. Taylor. (Metallurgia, 1942, vol. 26, Sept., pp. 161-163). 
For efficient and economical heating in a furnace it is necessary to 
limit heat losses and, normally, problems associated with these 
losses involve complex calculations. In this paper the author 
simplifies the solution of some of these problems by establishing 
simple laws relating to heat loss, temperature and other factors; 
these laws will permit of results sufficiently accurate for practical 
purposes. “ 

Coal Preparation in South Wales. (Iron and Coal Trades Re- 

view, 1942, vol. 145, Sept. 25, pp. 851-852). An outline of the 
methods of preparing coal for market as practised in South Wales 
is given, the information being based on a publication of the Depart- 
ment of Scientific and Industrial Research entitled “The Coals 
of South Wales,’”’ which forms No. 55 of the series “ Physical and 
Chemical Survey of the National Coal Resources.” 
- Improving the Quality of Upper Silesian Blast-Furnace Coke. 
W. Stumpe. (Stahl und Eisen, 1942, vol. 62, Aug. 20, pp. 705- 
713). In the years following the war of 1914-1918 the problem of 
building much larger blast-furnaces in Upper Silesia was considered, 
‘and with this was linked the problem of producing more and better 
quality coke. In this paper the author reports on full-scale tests 
at the Julienhiitte, in which it was found that the inclusion in the 
coke-oven charge of up to 20% of low-temperature coke crushed 
to 2 mm. size greatly improved the properties of the coke, which 
then had sufficient strength to fulfil blast-furnace requirements. 

Production of Benzol Products by the Continuous Process. 
CG. R. Lohrey. (Iron and Steel Engineer, 1942, vol. 19, Aug., 
pp. 46-51, 54). The author gives a detailed and illustrated account 
of the plant and processes for the recovery of light oil products at 
the coke-ovens of the Great Lakes Steel Corporation. The con- 
tinuous fractionating process is used. 
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Economic Aspects of Pre-Compression Refrigerated Dry Blast. 
R. VD. Dunne. (Iron and Steel Engineer, 1942, vol. 19, July, 
pp. 56-59). The author presents calculations relative to: (a) The 
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power required for blowing blast-furnace blast under varying con- 
ditions of temperature and humidity; (6) the cost of operating a 
dehumidifying plant for a blast-furnace producing 1000 tons per 
day; (c) the capital and interest charges on such a plant; and 
(d) the profit obtained by deducting the gross cost of operating and 
maintaining the plant from the amount saved in the coke con- 
sumption of the blast-furnace. 

The Turbo-Blower in Iron and Steel Works. F. Kluge. (Stahl 
und Hisen, 1942, vol. 62, July 2, pp. 561-567; July 9, pp. 588— 
591; July 16, pp. 608-609). The author reviews the advantages 
of using turbo-blowers for supplying blast to blast-furnaces and 
Bessemer converters, and developments in the design and _ per- 
formance of turbo-blowers in recent years. 

Unusually High Production of a Blast-Furnace. H. Schnettler. 
(Stahl und Hisen, 1942, vol. 62, June 11, pp. 510-511). Statistics 
relating to the charging and production of No. 4 blast-furnace of 
the Hoesch A.-G., Dortmund, are presented and discussed. This 
furnace completed in January 1942 a campaign of almost 14 years, 
during which it produced 3,380,000 metric tons of pig iron. 

Adjustable Voltage Skip Hoist Control. F. R. Burt. (Iron 
and Steel Engineer, 1942, vol. 19, Aug., pp. 38-40). The author 
discusses means of controlling the speed of electrically driven blast- 
furnace charging skips, especially the deceleration on reaching the 
top. The speed at this point must not vary regardless of whether 
the skip contains ore or coke. This condition is very difficult to 
obtain with a motor supplied from a constant-voltage source. An 
improved adjustable voltage control with a special regulator which 
meets the above requirements is described in detail. 

Desulphurising with Acid Slags when Fluxes Are Added. R. 
Durrer and B. Marincek. (Stahl und Eisen, 1942, vol. 62, June 25, 
pp. 537-539). The authors describe some small-scale desulphurisa- 
tion experiments at 1600-—1700° C. using 150 g. each of iron and of 
acid slags to discover how to reduce the viscosity of the slag and 
thus permit reaction at lower temperatures. Although higher 
temperatures favoured the reactions, a high degree of desulphurisa- 
tion is possible even at ordinary blast-furnace process temperatures 
with an acid slag and in the presence of carbon, provided that the 
slag is fluid. The best results were obtained with additions of 
titania and fluorspar, but it still remains to be discovered whether 
the titania acts only as a flux, or chemically as well. The quantity 
of slag is not of much importance in acid desulphurisation. By 
prolonging the time, the amount of sulphur removed is increased 
until the iron is almost completely free from sulphur, whilst in 
basic desulphurisation the process is limited by the point at which 
the slag becomes saturated with sulphur. 

The Thermal Insulation and the Behaviour towards Moisture of 
Walls of Slag Bricks and Slag Pumice Bricks. J. S. Cammerer. 
(Stahl und Hisen, 1942, vol. 62, June 11, pp. 503-510). The author 
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reports the results of a number of laboratory and full-scale tests 
of the properties of slag bricks for building. These tests established 
the general conclusion that bricks made in various parts of Germany 
from blast-furnace slag had better insulating properties than 
ordinary bricks, despite the high specific gravity and high moisture 
content of the former. In certain cases the thermal conductivity 
of the slag bricks is 25% less; this difference decreases with the 
specific gravity, and is much less with slag pumice bricks. The 
capacity of the slag bricks to absorb moisture varies greatly for 
each of the places of manufacture. The usefulness of slag bricks 
is scarcely affected by the direction the wall faces or by the methods 
of heating and ventilating the building. Tables and graphs of 
the moisture-absorption capacity of slag bricks in different periods 
in relation to the specific gravity are presented. 

Powder Metallurgy. (Automobile Engineer, 1942, vol. 32, 
Oct., pp. 401-402). Some developments and new applications of 
the powder metallurgy process are described. Oil-pump gears, 
filters for oil for high-speed Diesel engines and permanent magnets 
are now made by this process. An advantage of the process which 
is of great importance in war-time is the virtual elimination of 
serap; for instance, a gear profile which is consistently within 
0-0001 in. of the true involute can be produced from an accurate 
die. 

The First Cast-Iron Cannon. Made in England. H. Schubert. 
(Journal of The Iron and Steel Institute,1942,No.IT.,pp. 131 p-140 P). 
The iron-casting process was introduced into England at the end 
of the fifteenth century by French founders, mostly belonging to 
the King’s artillery as gunners in the Tower of London. As a result 
several ironworks were set up around Ashdown Forest in Sussex 
before 1500. In one of them, at Newbridge, guns were made with 
a barrel of cast iron and detachable chambers (mentioned in accounts 
of 1509-10 preserved in the Public Record Office in London). 
These are the first cast-iron cannon of English manufacture which 
can be definitely dated and located. That is thirty-four years 
before 1543, which, according to historical tradition, is the date 
of the first casting of iron guns in England known to us. Round 
about 1509 there was already a considerable home industry in iron 
in southern England, many of the Frenchmen who introduced the 
casting procéss being replaced by English founders. This growing 
home industry was seriously hampered when Henry VIII. engaged 
French and Italian metal-founders to cast ordnance of bronze and 
imported guns from Belgium. A new impetus came in 1543, when 
Henry VIII. was in need of large quantities of ordnance of cast 
iron, which was less expensive than bronze. This need led to the 
revival of the casting of iron guns, first at Buxted, where the French 
bronze-founder Peter Baude and the English iron-founder Ralph 
Hogge cast iron guns in the same year. From this attempt dates 
the great development of the casting of iron ordnance in Sussex, 
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and later in South Wales also. At that time the quality of English 
iron guns was improved by casting the barrel and chamber in one_ 
whole piece. The improved quality led to an increasing export to 
the Continent. The English guns of cast iron held a very high 
position in the European market well into the seventeenth century, 
when the demand was limited by Swedish and Westphalian com- 
petition. For casting heavy iron cannon of large size double 
furnaces, i.e., a pair of furnaces combined in a single structure, 
were erected, the first in Worth Forest in Sussex, in 1547. After- 
wards the idea of the double furnace was probably introduced 
from England into France and into the Netherlands, whence it was 
carried to Sweden and Western Germany. 

Hayle Foundry. R. Jenkins. (Newcomen Society: Engineer, 
1942, vol. 174, Oct. 16, pp. 327-328). The author gives an account 
of the history of the Hayle Foundry in Cornwall, which was started 
shortly before the year 1780 by John Harvey and developed by his 
nephew. It was an iron foundry making castings for the steam 
engines and pumps in the Cornish mines. The casting and boring 
of large cylinders was started soon after 1820. One of the largest 
cylinders ever cast in one piece was made at this foundry in 1843 ; 
it was 12 ft. in dia. and 25 tons of metal were melted for it. A 
similar engine was made about 1849, and this one remained at 
work, without interruption, until 1933. 

When Charcoal Iron Industry Held Sway. (Steel, 1942, vol. 110, 
Aug. 3, pp. 80-83, 114-116; Aug. 10, pp. 78-82). An illustrated 
account is given of the history of the charcoal iron industry of the 
United States and the part it played in the American War of 
Independence. 
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Graphitisation of Martensite on Heating. A. Hultgren and 
O. Edstrém. (Jernkontorets Annaler, 1942, vol. 126, pp. 83-107). 
In the production of malleable iron castings the number of graphite 
particles is very greatly increased and the annealing time corre- 
spondingly shortened if the castings are heated and quenched in 
oil or water before annealing. The following factors contribute to 
increasing the number of graphite particles: (a) A high quenching 
temperature; (6) slow heating through the 400-650° C. range ; 
and (c) holding for a short period at 600-650° C. after quenching. 
This form of treatment is also applicable to alloyed white cast 
irons except those alloyed with chromium or manganese. No 
graphite nuclei appear in the cementite, but they appear as finely 
dispersed particles in the ferrite matrix, and preferentially at the 
matrix-cementite boundaries. Tensile tests on pre-quenched and 
malleablised specimens showed a normal tensile strength but 
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rather poor elongation, only 6-7% for unalloyed iron and still 
lower for alloyed iron; the cause of this has not been determined. 
A tentative explanation of the increased graphite nucleation as a 
result of pre-quenching is given. 

Cast Mortar Shells from Electric Furnace Steel. J. B. Nealey. 
(Iron Age, 1942, vol. 150, Aug. 13, pp. 47-52). The author describes 
the production of steel and the foundry and heat-treatment tech- 
nique at an American steel foundry producing 60-mm.-dia. cast 
steel trench-mortar shells. Four tilting electric acid-lined furnaces 
with capacities of 2 to 10 tons are used for producing the steel. 
The shells are cast in a three-part mould consisting of the cope, 
cheek and drag, with steel and brass patterns for each; sixteen 
shells are cast in one mould. The heat treatment is carried out 
in a large gas-fired radiant-tube furnace, the castings being loaded 
in trays which are pulled through the furnace by chains. A single 
casting unit of three moulding machines can produce between 9000 
and 10,000 shells in 24 hr. 

Second Report of the Moulding Materials Sub-Committee of the 
Steel Castings Research Committee. (Journal of the Iron and Steel 
Institute, 1942, No. IL., pp. 393P-454 P). Since the publication of 
the First Report of the Moulding Materials Sub-Committee (see The 
Tron and Steel Institute, 1938, Special Report No. 23, Section Ve 
pp. 87-200) a considerable amount of further research has been 
carried out and an account of this is given in the present Report. 
The Report is made up of four sections as follows : 


Section I.—Introduction. 
Section II.—Moulding Sands. 
Part 1. Examination of Moulding Sands. 
Part 2. The Effect of Milling on the Properties of Moulding 
Sand. 
Part 3. The Effect of Surface-Tension-Reducing Agents on 
the Strengths of Moulding Sands. 
Part 4. The Permeability of Moulding Sands. 
Part 5. Thermal Expansion of Sand Mixtures Containing 
Clays. 
Part 6. The ne of Insulating Heads. 
Part 7. Conclusion and Recommendations. 
Section III.—Clays. 
Part 1. The Use of Fuller’s Earth in Foundries. 
Part 2. Report on Clays other than Fuller’s Earth. 
Section IV.—Core Compounds and Core-Sand Mixtures. 


An investigation on the production of steel moulding sands has 
shown that some sandstones containing 7-12%, of partially weathered 
felspathic matter make a useful base for steel-foundry sands ; with 
10-20% of clay the product has good general properties, and can 
be diluted with silica sands to provide a range of strength and 
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permeability. The weathered sandstones of the Wolsingham dis- 
trict of County Durham make a moulding sand satisfactory for steel 
foundries. The addition of wetting agents to the water used in 
preparing moulding sands does not appear to increase the rate of 
spread of the bond clay, and has little effect on the strength of the 
moulding sand. Investigations of the thermal expansion of sand 
mixtures containing clay, and of mixtures of low thermal con- 
ductivity, suitable for use in certain types of feeder head, have 
been made. A full description is given of a simple permeability- 
testing apparatus which gives accurate results for sands of both 
high and low permeability. In the search for a substitute for 
bentonite, many tests have been made in collaboration with The 
Fuller’s Earth Union, Ltd., on selected fuller’s earths found in 
Somerset and Surrey, to which the general designation “‘ Fulbond ” 
has been given. In most foundries a marked degree of success has 
been achieved with recommended fuller’s earths; other substitutes 
for bentonite which have been tested have not proved to be so 
generally useful as a selected variety of Fulbond. Trials with clay 
bonds showed that some of them, when used in proportions of 
5-10% with a high-silica sand, give satisfactory green strength, 
but are lower in dry strength than normal Fulbond or bentonite 
mixtures. The clay-bonded sands have, however, a greater hot 
strength than the Fulbond or bentonite mixtures. Extensive tests 
were made to find methods of reducing the consumption of linseed 
oil and corn-starch products in core binders, and it was found that 
in many cases up to one-half of the linseed oil in a core mixture 
could be replaced by Truline binder without detriment to the 
strength and collapsability of the core. In many instances a reduc- 
tion in the total quantity of core binders in a core sand can be 
made without any falling-off in performance. The use of “ clay ” 
binders in place of sulphite lye was examined. There are indica- 
tions that the incorporation of a proportion of naturally bonded 
sand, a synthetic clay-bonded sand, bentonite, Fulbond, or bond 
clay gives satisfactory results and renders possible an effective 
reduction in the proportion of organic binders. 

Luminescence Analysis of Core Oils and Core Binders. F. Roll 
and Annemarie Riess. (Giesserei, 1942, vol. 29, Aug. 7, pp. 269- 
273). ‘The authors explain the principles employed in the applica- 
tion of luminescence or fluorescence for analytical purposes and 
then describe in detail how this technique lends itself to foundry 
use for the control of the quality and properties of core oils and 
core binders. Tables of results obtained when observing core oils, 
core binders, core sands and moulding sands under ultra-violet 
light are presented. 

Suspension Conveyors for Foundries. H. Schulze-Manitius. 
(Giesserei, 1942, vol. 29, Aug. 7, pp. 273-278). The author describes 
several types of suspension conveyors and their application in 
foundries. The most recent type is a tubular conveyor in which 
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the moving chain passes along the inside of a slit tube, and the 
arms carrying the hook, tray or bucket pass through the slit. The 
tube needs fewer brackets to support it than an angle-iron chain 
carrier, it occupies less space and therefore casts less shadow on 
the working floor space. 


“~S 
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The Iron and Steel Industry of Australia. (Stahl und Hisen, 
1942, vol. 62, June 18, pp. 527-529). An account is given of the 
history of the iron and steel industry of Australia, with details of 
the availability of raw materials, the number and capacity of the 
furnaces and the production of the rolling mills. 

August Thyssen. W. Dabritz. (Stahl und Eisen, 1942, vol. 62, 
Aug. 6, pp. 665-670). The author presents a historical account of 
the life and work of August Thyssen with special reference to the 
development of the iron and steel works associated with his name. 

Time as a Factor in the Making and Treating of Steel. J. John- 
ston. (Howe Memorial Lecture: American Institute of Mining 
and Metallurgical Engineers, Technical Publication. No. 1478: 
Metals Technology, 1942, vol. 9, June). The author discusses some 
instances in the many processes of making a finished steel product 
for which in recent years a satisfactory explanation of the influence 
of time has been put forward. The processes and phenomena dealt 
with include : (1) The reduction of ore in the blast-furnace ; (2) the 
conversion of iron into steel; (3) the heating of steel products ; 
(4) isothermal transformation; (5) the diffusion of hydrogen in 
steel; (6) carburisation and decarburisation ; (7) stabilisation of 
structure ; and (8) surface phenomena. 

The Metallurgy of the Bessemer Process. Theory and Practice. 
H. Wentrup. (Technische Mitteilungen Krupp, Forschungsberichte : 
Stahl und Eisen, 1942, vol. 62, Sept. 3, pp. 749-7956). The author 
reviews earlier laboratory investigations of slag-metal reactions, 
in particular that of Koérber and Oelsen (see Journ. I. and S.L., 
1935, No. II., p. 382 a), and discusses to what extent the conclusions 
reached are in agreement with observations made on full-scale acid 
and basic Bessemer plants. In acid Bessemer practice the slags 
which are formed as reaction products of the oxidation of the 
carbon, silicon and manganese in the iron correspond in their 
composition to those which would be formed under equilibrium 
conditions which are governed largely by the oxygen content of 
the iron. The changes in the silicon and manganese contents of 
the metal are therefore in accordance with the conclusions reached 
in laboratory equilibrium investigations. The oxygen content of 
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the iron must also be in equilibrium with the ferrous oxide in the 
slag as governed by the distribution constant. It is only between 
the carbon in the iron and the ferrous oxide in the slag that there 
is no equilibrium, for the amount of carbon is always greater than 
that required for equilibrium. It can therefore be said that the 
oxidation of the carbon “‘ hangs back ”’ and requires a higher oxygen 
content in the iron than equilibrium conditions would call for. 

After discussing the theory and practice of the basic-Bessemer 
process the author finds that it is no longer necessary to assume 
non-equilibrium conditions between the steel and slag in order to 
explain the behaviour of the lime-phosphate slag. 

The Basic Open-Hearth Process To-Day. Part I. The Modern 
Basic Open-Hearth Furnace. Part II. Melting Practice. W. Geary. 
(Metallurgia, 1942, vol. 26, Aug., pp. 123-128, 143; Sept., pp. 175— 
178). After a brief review of the history of the development of 
open-hearth furnaces for steelmaking, the author discusses in Part I. 
the influence of bath depth and bath area on the output per hour, 
the design of gas and air ports including movable water-cooled gas 
ports, roof design, the tendency to strengthen the structural steel- 
work of furnaces and methods of constructing checker brickwork. 
In Part II. the human factor, hearth maintenance and charging 
are dealt with. It is important to secure adequate drainage of the 
bottom, and excellent results have been obtained at one plant by 
burning away after each tap any suggestion of a step in the tap- 
hole. It is suggested that there is a future for thermal scrap 
preparation because the air trapped in bundles of sheets and turn- 
ings retards the melting by shielding the interior from the flame; 
the preheating of bundles before charging in the open-hearth 
furnace would shorten the melting time; such heating could be 
done with blast-furnace gas or other low-grade fuel. 

Tron—Its Use and Effect in Making Basic Open-Hearth Steel. 
W. C. Buell, jun., J. R. Miller and H. W. Potter. (Steel, 1942, 
vol. 111, Aug. 17, pp. 78-82, 100-104). The authors describe 
modifications of the open-hearth process in the United States for 
the production of steel from charges with over 60% of pig iron. 
With up to this amount of iron in the charge the basic open-hearth 
process can be operated successfully along conventional lines. 
Reasonably good steel can be so produced and, except for the effect 
of a larger quantity of eliminated metalloids originating from the 
high pig-iron charge, differs little from steel made from a charge of 
50% of pig iron. A process adopted at two American open-hearth 
plants is that of preparing the iron portion of the charge in a cupola 
by melting down iron and steel scrap ; the metal and slag are tapped 
off continuously, the iron flowing to a holding ladle and the slag 
to a cinder ladle. When an iron charge is required the taphole is 
plugged temporarily and the holding ladle tilted to fill the transfer 
ladle, which is set on a platform. Soda ash is added while the 
transfer ladle is being filled. After the action caused by the soda 
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ash has subsided, the crane picks up the transfer ladle and the 
metal is poured into the steel furnace. 

Recovery and Preparation of Steel Scrap from Steel-Making 
Furnace Slag and Refuse. F. E. Ullman. (Iron and Stcel En- 
gineer, 1942, vol. 19, Aug., pp. 27-32). An abstract of this paper 
has appeared previously (see Journ. I. and S.I., 1942, No. II., 
p- 169 4). 

Galvanized Scrap Burned. (Iron Age, 1942, vol. 150, July 23, 
p. 57). A short description is given of a method of removing most 
of the zinc from galvanised steel scrap to make it suitable for 
- charging in steel furnaces. A large pile of the scrap is prepared 
on suitable open ground with old battery boxes as a base. The 
battery boxes are ignited, and sufficient heat is generated to burn 
off most of the zinc. 

The Working of the Basic Coreless Induction Furnace. W. Bot- 
tenberg and P. Bardenheuer. (Stahl und Eisen, 1942, vol. 62, 
Aug. 20, pp. 713-718). This is an abridged version of a paper 
which appeared in Mitteilungen aus dem Kaiser-Wilhelm-Institut 
fir Eisenforschung, 1942, vol. 24, No. 2, pp. 7-22. (See Journ. 
I. and S.I., 1942, No. II., p. 54 a). 

A Note on Diffusion in Rimming Steel on Soaking at about 
1300° CG. T. Swinden and W. W. Stevenson. (Journal of The 
Tron and Steel Institute, 1942, No. II., pp. 357 p-362 Pp). In order 
to ascertain the extent to which diffusion of carbon, if any, takes 
place at the junction of the rim and core zones of dissimilar carbon 
contents, the authors subjected a section 1} in. thick of a 77-in. 
square bloom to prolonged heating (46 hr.) at 1300° C. The bloom 
was of fully rimmed steel with the following pit sample analysis : 
Carbon 0-09%, manganese 0-34%, silicon trace, sulphur 0-035% 
and phosphorus 0:017%. There was a slight diffusion of carbon 
from the core to the rim zone. There was no apparent migration 
of sulphur from the core to the rim; in fact, the rim-core demarca- 
tion was even more sharply defined on the sulphur print after 
soaking than before. Some observations are made on the changes 
in constitution and distribution of the inclusions, particularly 
within the core zone. pais 

Rimming Steel. Additional Studies of the Composition Variation | 
from Outside to Centre. T. Swinden. (Journal of The Tron and 
Steel Institute, 1942, No. II., pp. 345 p-356 P). This paper represents 
a continuation of the work reported in Section III. of the Ninth 
Report on the Heterogeneity of Steel Ingots, with particular refer- 
ence to the Hultgren and Phragmén hypothesis on rimming action. 
Tt deals with a basic open-hearth steel ingot from a cast with a 
pit-sample carbon content of 0-047% and. containing only 0-10% 
of manganese. No essential difference in the type of inclusions 
was found as compared with rimming steel of more normal com- 
position. Variations in composition as regards carbon and oxygen 
(and also hydrogen and nitrogen) have been traced. The data 
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thus obtained provide excellent verification of the hypothesis 
postulated by Hultgren and Phragmén, and the actual values of 
carbon and oxygen representing the balanced composition, namely, 
0-06% carbon and 0-04% oxygen, appear to be substantially 
correct. 

Rimming Steel. Report on Four Ingots of Basic Bessemer Steel. 
J. Mitchell. (Journal of The Iron and Steel Institute, 1942, No. IL., 
pp. 327 p-344 Pp). A study has been made of four low-carbon basic 
Bessemer steel ingots of British manufacture—all cast from the 
same blow. As far as possible the conditions of manufacture and 
examination were kept constant, in order that the effect of mould 
size might be studied. The data given include steelmaking prac- 
tice, sulphur- and macro-prints of ingot sections and analyses of 
these sections at selected positions. These are reviewed in their 
relation to rimming-steel practice and theory. 

The Formation of Hair-Line Cracks. Part Il. J. H. Andrew, 
A. K. Bose, H. Lee and A. G. Quarrell. (Journal of The Iron and 
Steel Institute, 1942, No. IL., pp. 203 p-243 p). The work described in 
Part I. (see Journ. I. and S.1., 1942, No. I1., p. 171 A) is confirmed 
and greatly extended. 

Typical hair-line cracks were produced in large specimens which 
had been air-cooled after hydrogen-soaking, but the bulk of the 
work was carried out on small specimens which had been hydrogen- 
treated and quenched. The evolution of gas from such specimens, 
both at room temperature and on heating, was investigated, and 
the nature of the incubation period is explained. 

The results obtained lead to the following conclusions: (i) 
Hydrogen is the fundamental cause of hair-line cracks. (ii) The 
hydrogen which subsequently causes cracks is not in solid solution, 
but, for a time, is held in the form of a hydrogen-rich constituent 
which is formed on rapid cooling through the y—« change. (iii) 
Breakdown of the constituent releases hydrogen, some of which 
diffuses into voids and builds up a disruptive pressure. (iv) In 
addition to hydrogen, the cracks contain methane, even at room 
temperature, and the presence of this methane is the cause of some 
of the difficulties encountered in the industrial prevention of hair- 
line cracks. (v) The influence of composition upon the suscepti- 
bility of a given steel to hair-crack formation is explained by the 
effect of composition upon the stability of the resulting hydrogen- 
rich constituent. (vi) Finally, once the constituent has been 
formed, its breakdown at low temperature must lead to hair-crack 
formation; on the other hand, hair-line cracks will not result if 
the breakdown of the constituent can be brought about at a 
sufficiently high temperature. 

General Rules for Costing in Industry. A. Miiller. (Stahl und 
Kisen, 1942, vol. 62, Aug. 13, pp. 695-697). 
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Manufacture of Heavy Forgings in Alloy Steel. A. V. Jobling. 
(Journal of the Junior Institution of Engineers, 1942, vol. 52, Sept., 
pp. 285-295). The author discusses, for the benefit of the design 
engineer, some of the problems which face the steel manufacturer 
in the production of heavy forgings in alloy steels. He deals first 
with information required by the designer, such as the final dimen- 
sions and the extent to which the standard mechanical tests pro- 
vide information on the suitability of a forging for a particular 
purpose. Secondly, he describes the structure of a large ingot, 
forging methods and their effect on the structure, mass effect and 
the influence of alloying elements. Finally, the necessity for heat 
treatment and the prevention of hair-line cracks are considered. 

Truing Device for Wire-Drawing Dies. J. Baker. (Machinery, 
1942, vol. 61, Sept. 24, pp. 340-341). A device is described and 
illustrated which is very useful when it is required to machine small 
circular bodies with central holes truly concentric, although the 
holes are tapered and the axis of the hole may not be perpendicular 
to the face of the part. It enables the cylindrical and end faces of 
the body to be machined true to the hole at one setting. The 
particular application described is that of manufacturing tungsten- 
carbide wire-drawing dies. 
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Special Sheet Rolling Mill at Commonwealth Steel Company’s 
Works. A. G. Cunningham. (B.H.P. Review, 1942, vol. 19, June, 
pp. 12-13). A brief description is given of the sheet department 
at the Waratah Works (N.S.W.) of the Commonwealth Steel Co. 
The mill comprises two two-high stands with chilled iron rolls 
60 in. long x 32 in. dia. It was originally installed to roll stainless 
and heat-resisting steels, but steels for hack-saws, files, surgical 
instruments and high-speed tools are now also rolled. Some par- 
ticulars of the reheating furnaces, heat-treatment furnace and 
pickling plant are also given. xf 

Adapting Wide Strip Mills to European Conditions. H. P. 
Lemm. (Iron and Coal Trades Review, 1942, vol. 145, Sept. 25, 
pp. 853-856). An abridged English translation is presented of the 
author’s paper which appeared in Stahl und Eisen, 1942, vol. 62, 
Mar. 26, pp. 257-265. (See Journ. I. and §.I., 1942, No. II., 

. 59 A). 
2 New Cold Rolling Mill at Newcastle Steel Works. J. T. Tod- 
hunter. (B.H.P. Review, 1942, vol. 19, June, pp. 1-4). The 
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author gives a brief illustrated description of a new cold-strip mill 
at the Newcastle (N.S.W.) Works of the Broken Hill Proprietary 
Co., Ltd., where strip from 3 in. to 12 in. wide can be rolled in any 
gauge from 0-187 in. down to 0-010 in. 

Armco Introduces Sendzimir Mill. (Iron Age, 1942, vol. 150, 
July 23, pp. 55-57). A description is given of the first Sendzimir 
rolling-mill to be put in operation in the United States. This 
unusual type of cold-strip mill is small in size and very efficient. 
The mill makes use of cluster backing rolls, so that the work rolls 
are quite small—i.e., between 1 in. and 4 in. in dia. Stainless and 
high-carbon steel strip can be rolled, and the reducing power is so 
great that fine gauges can be rolled from hot-rolled strip without 
any intermediate annealing. 

Output and Production Costs. A. E. Lendl. (Iron and Steel, 
1942, vol. 15, Sept., pp. 438-442). The author studies methods 
of calculating the influence of the output per hour of a rolling-mill 
on the conversion costs of a section. The various items of the 
conversion costs are criticised, and actual figures are given for an 
existing strip-mill. Convenient diagrams are developed which 
should be a valuable instrument for the quick checking of the 
conversion costs. 

The Highest Attainable Reductions when Cold-Drawing Seamless 
Tubes of Soft Steel in a Piercing Mill. H. Frank. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 1942, vol. 24, 
No. 9, pp. 1-18; Stahl und Eisen, 1942, vol. 62, Sept. 3, pp. 756— 
760). The author discusses factors affecting the degree of reduc- 
tion which can be obtained in tube-piercing mills, in particular the 
effects of the quality of the steel and the drawing conditions. The 
maximum attainable degree of reduction in the cold-drawing of 
tubes in a piercing mill is related to the product of the maximum 
strength-increment factor (Verfestigungswert, the ratio of the 
strength of the product to the mean of the strengths before and 
after drawing), the deformation efficiency (Formdnderungswirkungs- 
grad, the ratio of the ideal to the actual work of deformation) and 
the strengthening efficiency (Anstrengungsgrad, the ratio of the 
mean drawing force to the tensile strength of the product). Tests 
with soft steels showed that a maximum reduction of 56-6% could 
be attained. The greatest strength-increment factor was obtained 
with a rimming open-hearth steel, annealed before drawing. The 
maximum attainable deformation efficiency is greater for rimming 
than for killed steels. The conditions of drawing have a greater 
influence on the results obtained than that of the preliminary heat 
treatment. The greatest strengthening efficiency was obtained 
with a killed steel. 

Association of Iron and Steel Engineers Specifications for Electric 
Overhead Travelling Cranes for Steel Mill Service. (Iron and Steel 
Engineer, 1942, vol. 19, Aug., pp. 2-CS-28-CS). This constitutes 
the fourth revision of the specifications for heavy-duty overhead 
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travelling cranes for rolling-mills which were first drawn up in 
1910 by the Association of Iron and Steel Engineers. a 
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Heat Treatment. D. C. Harries. (Journal of the Institution 

of Production Engineers, 1942, vol. 21, Sept., pp. 345-357). The 
author explains the fundamentals of the heat treatment of carbon 
steels and the purpose of adding alloying elements, and describes 
the precautions to be taken to prevent cracking and distortion in 
heat-treatment operations. 

Heat Treatment of Steel Forgings. A. F. Macconochie. (Steel, 
1942, vol. 111, Aug. 17, pp. 75-76, 110-113). The author explains 
the theory of the heat treatment of steel and briefly describes some 
modern equipment for heat-treating forgings. He refers to two 
readily distinguishable mechanisms by which austenite transforms. 
The first, characteristic of annealing and normalising operations, 
involves the simultaneous formation of ferrite and carbide layers 
directly from austenite by a steady encroachment of approximately 
parallel plates or lamella upon the receding austenite boundary. 
The second, generally known as the acicular reaction, and character- 
istic of hardened steel, is marked by the successive abrupt formation 
of flat plates of supersaturated ferrite along certain crystallographic 
planes of the austenitic grains. 

The Suitability of Propane and Mixtures of Propane and Acetylene 
for Flame-Hardening. V. Thiirnau. (Autogene Metallbearbeitung, 
1940, vol. 33, Apr. 15, pp. 93-98; May 1, pp. 105-115). The 
author reports on a complete investigation of the commercial and 
technical possibilities of using propane or propane-acetylene mix- 
tures for flame-hardening steel. The use of propane was found to 
be unsuitable on economic grounds, not so much because of its 
low rate of combustion or low flame temperature, but rather because 
of the chemical composition of propane, which requires so much 
oxygen to burn it in a manner suitable for flame-hardening that the 
cost is prohibitive. ; 

Development and Present Position of Flame-Hardening on the 
German State Railways. C. Stieler. (Autogene Metallbearbeitung, 
1940, vol. 33, Oct. 1, pp. 229-237). The author describes and 
‘llustrates numerous examples of parts used by the German State 
Railways, which are subject to heavy wear and have been success- 
fully flame-hardened in the State Railway workshops. 

Flame-Hardening with Excess of Oxygen. . Zorn. (Autogene 
Metallbearbeitung, 1941, vol. 34, Jan. 1, pp. 13-15). The author 
reports on an investigation of the results obtained when flame- 
hardening with the oxy-acetylene torch using a high proportion of 
oxygen. As the material is heated to only 800-850° C. the oxygen 
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comes in contact with solid, not molten, iron and, as the quench 
follows closely after the flame, there is little chance of the iron 
being oxidised. It was found that by adjusting the oxygen / 
acetylene ratio to about 1-75/1 the metal was efficiently heated 
with a saving of about 50% in the consumption of acetylene, 1.e., 
the excess of oxygen was obtained by cutting down the. acetylene. 
Data on the velocity of gases leaving the burner, the hardness and 
depth of hardness obtained and the consumption of gases are 
presented. : 

Flame-Hardening of Round Surfaces. S. Smith. (Welding 
Journal, 1942, vol. 21, July, pp. 443-448). This paper has also 
appeared in Steel, 1942, vol. 111, July 20, pp. 76, 82, 97, 98 and 
Aug. 3, pp. 92-95, 119. (See Journ. I. and S8.I., 1942, No. IL, 
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‘ Cast Iron Borings for Steel Surface Protection. D. L. Ellis and 
J. F. Oesterle. (Iron Age, 1942, vol. 150, July 30, pp. 45-49). 
The authors describe some experiments undertaken to determine 
to what extent cast-iron borings as packing material for steel under- 
going heat treatment protect the steel from scaling and decarburisa- 
tion. Specimens of Armco iron and of four steels containing 
respectively 0:17%, 0:40%, 0:65% and 1-04°% of carbon were 
packed in clean, dry grey-iron borings and heated for 6 hr. at 
1550° F., and the effect of mixing a little soda ash with the borings 
was also tested. There was a slight decarburisation of the 1-04% 
carbon steel, but the 0-65°% and 0-40°% carbon steels were un- 
altered ; when soda ash was added, however, these two steels were 
carburised to about 0-80% of carbon, whilst the 1-04°% carbon 
steel was unchanged. The addition of soda ash energises the reac- 
tion and causes carburisation of the lower carbon steels. q 

Furnace Atmospheres. (Automobile Engineer, 1942, vol. 32, 
Oct., pp. 415-418), A review of recent developments in the United 
States of heat-treatment furnace atmospheres is presented. The 
compositions and applications of six atmospheres developed by the 
General Electric Co..are given. The Hypercarb process is described 
(see Journ. I. and 8.I., 1941, No. I., p. 162 4) with particular refer- 
ence to factors affecting the design of suitable equipment to operate 
it. 

Weight Change as a Criterion of Extent of Decarburization or 
Carhurization. R. W. Gurry. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 1470: Metals 
Technology, 1942, vol. 9, June), Experimental observations of the 
loss in weight of a steel specimen after various time intervals during 
decarburisation at constant temperature, when interpreted on the 
basis of an- integrated form of the fundamental diffusion law, 
show that, at any one temperature, the absolute weight loss can be 
predicted within 3-5% by using a properly selected mean value of 
the diffusion coefficient of carbon in iron, in spite of the fact that 
this coefficient varies appreciably with the carbon concentration. 
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The mean coefficient thus derived, values for which are given for a 
series of temperatures in the 1400-2100° F. range, agrees very closely 
with that interpolated from the measurements of Wells and Mehl 
for a carbon content corresponding to half-saturation. Using this 
mean coefficient in conjunction with other data presented, the 
amount and distribution of carbon that would be present after any 
time interval can be calculated for a steel cylinder or plate main- 
tained at a uniform temperature in a carburising or decarburising 
atmosphere, provided that certain easily attainable conditions are 
maintained, and that all the carbon in the steel remains in solution. 

The Vagaries of 4811. B. Thomas. (Metallurgia, 1942, vol. 26, 
Aug., p. 144). The author reports and discusses some results 
obtained in the heat treatment of British Standard aircraft steel 
4811. This is a low-alloy steel containing nickel, chromium and 
molybdenum. In the case of a small forging, the accepted tempera- 
tures of treatment had to be modified. 
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Arc Welding and War Production. E. C. Davies. (Engineer, 
1942, vol. 174, Sept. 25, pp. 255-257; Oct. 2, pp. 275-276). The 
author emphasises the necessity of examining existing methods of 
manufacture with the object of introducing fabrication by are 
welding as a means of replacing riveting, iron and steel casting and 
forging in order to speed up production and to conserve material 
and labour. It is suggested that by modernising welding methods 
and taking advantage of the latest information on high-speed 
welding technique, the time at present required for welding opera- 
tions could in many instances be materially reduced. Some notes 
are appended on the relative merits of D.C. and A.C. welding and 
on the application of single and multi-operator types of equipment. 

Gas Welding of Cast Iron. (Iron Age, 1942, vol. 150, Aug. 6, 
pp. 58-62). Details are given of methods of instructing beginners 
in the technique of welding cast iron, together with information 
on how to construct a simple charcoal furnace for preheating an 
iron casting preparatory to repairing it by welding. 

Investigation of the Thermal Conductivity of Weld Metal. 
Baumgarte and Klosse. (Autogene Metallbearbeitung, 1940, vol. 33, 
June 15, pp. 152-153). The authors describe a series of tests on 
welded and unwelded specimens of steel undertaken to ascertain 
whether the weld increased or decreased the thermal conductivity. 
The welded specimens had practically the same thermal conduc- 
tivity as the plain ones, whilst welding improved the electrical 
conductivity slightly. 
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The Importance of the Welding Gas and Its Composition in 
Relation to the Fissure-Formation Tendency of Aircraft Steels. 
J. Miiller. (Autogene Metallbearbeitung, 1940, vol. 33, Nov. 15, 
pp. 277-281). The author reports the results of investigations of 
the effects of impurities in welding gases on the tendency to crack 
formation of welded chromium-molybdenum steels used in aircraft 
manufacture. The conclusions reached were: (1) It makes abso- 
lutely no difference to the fissure-formation tendency of either 
unalloyed or alloyed aircraft steels whether the acetylene used for 
welding is drawn from cylinders or direct from generators. (2) The 
amount of sulphur- and phosphorus-bearing impurities normally 
present in welding gases is so small as to have no measurable effect 
on the fissure-formation tendency ; all the same, it is advisable to 
use gases which are as pure as possible. (3) The presence of between 
0-03% and 0:8% of hydrogen sulphide has no effect, but 0-9% and 
upwards has a very detrimental effect. (4) The presence of 0-1— 
0-12% of phosphine in the welding gases does not affect the fissure- 
formation tendency. (5) If both hydrogen sulphide and phosphine 
are present to the extent of 0-8°% or more they have a very detri- 
mental effect. 

The Causes of the Fissure-Formation Tendency in Welded 
Chromium-Molybdenum Structural Steels. A. Antonioli. (Stahl 
und Eisen, 1942, vol. 62, June 25, pp. 540-545). Notched-bar 
impact tests at high temperatures have revealed that steels with a 
tendency to fissure-formation on welding are brittle at tempera- 
tures above 1300-1350° C.; this is characterised by the formation 
of intercrystalline cracks. In this paper the author describes 
experiments carried out at the Istituto Scientifico-Tecnico Ernesto 
Breda with electrical apparatus developed by himself. The object 
was to determine, by tests on weld beads 10 mm. long, the tem- 
perature at which cracks formed. From the results of many tests 
it was found that cracks formed most frequently in the 1350-1000° C. 
range, the point of maximum frequency being 1275° C., which was 
a little below that established by impact tests. With longer beads 
the cracks formed at lower temperatures. This shows that, after 
welding, the material passes through a temperature range in which 
embrittlement takes place, and this, of course, is detrimental 
because micro-cracks form in this range which, on further cooling, 
increase in size owing to the occurrence of internal stresses. The 
" oxygen content is the principal factor governing the fissure-forma- 
tion tendency. ‘The tests described were made with steels con- 
taining about 0-3% of carbon, 1% of chromium and 0-25% of 
molybdenum, and the author worked out the factor 


200 x %O, + 60 x %S — 3 x %Mn, 


the value of which varies directly with the fissure-formation tendency 
of these steels. 


WELDING AND CUTTING. 194 


Hard Facings of Stainless Steel Applied by Arc Welding. A. N. 
Shashkov. (Autogennoe Delo: Welding, 1942, vol. 10, Oct., 
pp. 200-201). The author reports the results of hardness tests on 
stainless-steel facings applied to low-alloy steel by arc welding. 
Two types of base metal were used containing chromium 0-10% 
and 0-60%, and nickel 0-40% and 1-56% respectively, the latter 
with 0-27% of molybdenum, and the electrodes contained 14-8%, 
of chromium and 0-39% of nickel. The experiments showed that 
the electrodes used were very suitable for hard-surfacing both these 
steels. Narrow beads could be deposited without any special 
preparation, but for facing large surfaces, preheating the part to 
300-400° C. was necessary to eliminate the danger of cracking. 
Hard-surfacing with these electrodes is recommended for facing 
hot-stamping tools. 

Hard Alloys for Deposition by Welding. P.Wimmer. (Autogene 
Metallbearbeitung, 1941, vol. 34, Mar. 15, pp. 105-109). The 
author reviews the properties of special alloys which are used for 
the hard-surfacing of steel including the high-manganese low- 
chromium steels and alloys containing various amounts of tungsten 
and cobalt. The welding technique for depositing them is also 
described. 

Weld Hardening and Steel Composition. A. Edson. (Welding, 
1942, vol. 10, Oct., pp. 202-205). The author develops an equation 
which relates the maximum hardness of the heat-affected zone in a 
plate which has been electrically welded to the composition of the 
plate (see Metals and Alloys, 1942, vol. 15, June, pp. 966-971 and 
Journ. I. and §.1., 1942, No. II., p. 175 a). 

Determination of the Excess of Acetylene in Relation to the 
Blue-Flame Length and Carburisation Tests in Deposition Welding. 
V. Trunschitz. (Autogene Metallbearbeitung, 1942, vol. 35, Jan. 1, 
pp. 2-12). From the results of tests with the oxy-acetylene weld- 
ing torch and on metal deposited with it the author established a 
method of calculating the amount of excess acetylene from the 
ratio of the blue-flame length to that of the small white cone in the 
flame. He also plotted curves showing the relation of the increased 
hardness obtained to the amount of excess acetylene. The. limit 
of weldability using a flame with excess acetylene is reached when 
the above ratio is 2-5-3-0. 

A Comparison of the Most Important Points in the German, 
English, Swedish, Swiss and American Specifications for the Welding 
of Land Boilers. K. Vigener and M. Vandelt. (Autogene Metall- 
bearbeitung, 1940, vol. 33, Nov. 1, pp. 261-269 ; Nov. 15, pp. 282- 
288). 
Peni in Electric Welding of Tubes. D. A. Johnston. (Iron 
Age, 1942, vol. 150, July 23, pp. 44-45). The author describes 
some improvements in machines for electric welding tube strip 
into tubes. The most efficient method of bringing the current to 
the welding electrodes is by rotating the transformer and electrode 
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rolls on a common shaft, the current being carried to the primary 
side of the transformer by means of a commutator and brush. 
On the secondary side the current is carried through a copper sleeve 
on which is mounted one of the electrode rolls. The return current 
passes through another electrode roll mounted on another copper 
sleeve insulated from the first. The entire transformer and elec- 
trode roll assembly rotates on anti-friction bearings. 

Manufacture of Electric Resistance Welded Pipe and Tubing. 
J. S. Adelson. (Iron and Steel Engineer, 1942, vol. 19, Aug., 
pp. 33-36). The author describes and illustrates the Johnston 
process of making steel tubes as practised by the Republic Steel 
Corporation. The mill machinery can produce tubes from 3 in. 
in dia. x 0-025 in. wall up to 16 in. in dia. x 0-5 in. wall. The 
cold flat pickled steel strip passes through a series of forming rolls 
in the welding machine which brings it to a circular section of the 
required size. The welding unit welds the longitudinal seam by 
the electric resistance process by means of a pair of disc electrodes 
mounted on one shaft but insulated from each other. These 
electrodes make contact on opposite sides of the butted seams. 
Three supporting rolls with contours to fit the diameter of the 
finished tube exert mechanical pressure on the tube during the 
welding process, and a trimming device removes any surplus metal 
from the inside and outside surfaces. The tube then passes through 
sizing rolls, is normalised or annealed, and finally is treated to 
give it a blue oxide coating. 

A New Hammered Resistance Welding Process. A. L. Pfeil. 
(Iron and Steel Engineer, 1942, vol. 19, Aug., pp. 42-45). The 
author describes a process for the welding of tubes which is a 
combination of electric resistance welding and hammering. The 
current for the resistance welding is supplied by disc electrodes as 
described in the preceding abstract, but the machine is different, 
in that there is a pneumatic or electrically operated hammer 
between the electrodes and above the edges to be joined; this 
makes rapid blows on the weld as it is heated and fused together, 
an action which can be continued during the cooling cycle if desired. 

Welding in Cold-Strip Processing. J. H. Cooper. (Iron and 
Steel Engineer, 1942, vol. 19, July, pp. 46-53). The author 
describes and illustrates the development of two types of electric 
welding machine used in cold-strip mills. These types are for 
making spot welds to join the overlapping ends of two lengths of 
strip, and for flash-butt welding coil ends respectively. 

Performance of Various Gases in the Oxygen Cutting Process. 
P. L. Betz. (Iron and Steel Engineer, 1942, vol. 19, July, pp. 
64-71). The author describes an investigation of the relative 
merits of three fuel gases in combination with oxygen for cutting 
steel plates. The fuel gases were acetylene, Baltimore city gas and 
a mixture of blast-furnace and coke-oven gas with a calorific value 
of 500 B.Th.U. The conclusions reached were: (1) The proper 
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ratio of preheating oxygen to fuel in the case of city gas and blast- 
furnace/coke-oven gas is about 0-9, whereas with acetylene it is 
approximately 2-0; (2) justification was found for using an oxygen/ 
fuel ratio of 2-0 for acetylene instead of the theoretical ratio of 
2-5; (3) cutting tests on 1}-in. and 1}-in. steel plates indicated 
that when city gas or coke-oven/blast-furnace gas was used as a 
fuel, cutting results similar to those with acetylene were obtained, 
provided that the same oxygen pressure and volume of cutting- 
oxygen were used in each case; (4) the volume of preheating fuel 
gas should be adjusted so as to provide the same heat input as 
with acetylene; (5) the starting time with the last two fuel gases 
is somewhat longer than when using acetylene; (6) the starting 
time can be reduced by nicking the edge of the work where the 
cut is to be commenced. A procedure is outlined by which the 
required characteristics of a gas-cutting nozzle may be determined 
from the characteristics of acetylene cutting nozzles known to be 
suitable for the work under consideration. Data on the cutting 
rates, gas consumptions and pressures in the various tests are 
presented. 
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Dry-Cleaning Fluids Speed Arms Production. (Iron Age, 1942, 
vol. 149, June 18, pp. 64-65, 124). A brief review of the develop- 
ment and applications of solvents for degreasing, especially in 
arms production, is presented. 

Cleaning Pipe by Shot Blasting. (Iron Age, 1942, vol. 150, 
July 30, p. 62n). A brief description is given of two “ Wheel- 
abrator ” shot-blast units for cleaning the inside and outside sur- 
faces of steel tubes from 2 to 14 in. in dia. in lengths of 18-50 ft. 
As an example of the rate of cleaning which can be attained, a 
41-in.-dia. tube can be cleaned at 18 ft. per min. on the outside 
and 14 ft. per min. on the inside. ; 

Mechanical Handling Devices Speed Cleaning of Shell and Bombs. 
(Steel, 1942, vol. 110, June 1, pp. 88-90). An illustrated descrip- 
tion is given of a shot-blasting unit for cleaning the inside and 
outside of shells and bombs and of the overhead conveyor system 
which feeds it. : 

The Autogenous Deseaming of Steel Ingots with the Acetylene 
Burner. G. Calbiani. (Autogene Metallbearbeitung, 1940, vol. 33, 
Sept. 15, pp. 217-226). The author describes an investigation of 
the effects of autogenous deseaming on the properties of steel 
ingots. Eleven qualities of steel were tested. These included : 
(a) Low, medium and high carbon steels; (b) manganese-molyb- 
denum steel; (c) chromium-molybdenum steel; (d) manganese- 
silicon-vanadium steel; (e) chromium-nickel case-hardening steel ; 
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and (f) heat-resisting chromium-silicon steel. Numerous macro- 
graphs and micrographs are reproduced and the results of hardness 
and bend tests are given. It was found that the deseaming had a 
quite unimportant and temporary local effect on the surface and 
this effect completely disappeared in the subsequent reheating and 
working-up processes. A comparison of the costs of deseaming 
with oxygen and of cleaning with the pneumatic chisel is made and 
this shows that the former costs very much less than the latter. 

Flame Descaling Minimizes Surfacing Time and Costs. E. W. 
Deck. (Steel, 1942, vol. 110, June 1, pp. 81-84; June 8, pp. 86-88, 
115). The author describes and illustrates the process of descaling 
blooms, plates and bars with the oxy-acetylene flame; specially 
shaped burner heads with adjustable guides to suit bars of different 
diameters are available. The process offers considerable saving of 
time as compared with grinding, and in some cases it is used for 
plates instead of a weak pickling to prepare them for inspection. 

Practical Suggestions for Increasing Pickle Room Output. 
W. G. See and W. H. Graham. (Wire and Wire Products, 1942, 
vol. 17, Mar., pp. 146-149). The authors point out that as well as 
installing further pickling tanks, there are other ways of increasing 
the output of a pickling plant. Attention should be given to the 
time taken by the crane to complete a cycle of operations, because 
the plant output is often limited by this. Preliminary drying of 
wire by a current of air as the wire leaves the lime vat and the 
possibility of decreasing the baking time are other methods of 
increasing output. The use of submerged combustion burners for 
heating the tanks in a manner which agitates the solution is also 
advocated. 

Submerged Combustion Heating for Pickling Baths. W. G. See. 
(Iron and Steel Engineer, 1942, vol. 19, June, pp. 62-65). The 
author describes a completely automatic submerged burner for 
heating pickling baths. The control equipment for this burner is 
now so well developed that it can be set to maintain the bath 
temperature within a very narrow range. Acid-resisting equip- 
ment is now available with a guaranteed life of one year and an 
expected service life of two years. The high thermal efficiency 
coupled with the saving in acid and over-all pickling time make the 
installation an. economic one. 

Cathodic Pickling in the Presence of Inhibitors. W. Machu and 
O. Ungersbéck. (Iron and Steel Institute, 1942, Translation 
Series, No. 102). This is an English translation of a paper which 
appeared in Archiv fiir das Eisenhiittenwesen, 1942, vol. 15, Jan., 
pp. 801-3806. (See Journ. I. and §.1., 1942, No. IL., p. 23 a). 


(90 23 Are') 


COATING OF METALS 


A New Metal Coating Process. A. E. Bellis. (Wire and Wire 
Products, 1942, vol. 17, May, pp. 244-246, 253-255). The author 
describes a process of hot-dip coating for wire or strip with metals 
such as zinc, babbitt metal, cadmium and tin. The feature of this 
process is that the wire (or strip) is cleaned, fluxed and preheated 
by passing it through a bath of molten salt before it enters the 
metal bath. Particulars of the salt bath are not given. 

The Origin of the Impurities in Metallic Coatings and Their 
Effect on the Corrosion. A. Glazunov. (Korrosion und Metall- 
schutz, 1941, vol. 17, Nov., pp. 387-390). The author points out 
that electro-deposited metallic coatings are never completely free 
from impurities. He divides the impurities into two main groups, 
viz., intercrystalline ones, which form phases of their own, and 
intracrystalline ones, which are taken up in the lattice of the metal 
coating. These two groups are sub-divided into numerous further 
groups, and the origin of the impurities of each group and their 
effect on the physical and chemical properties of the coatings are 
discussed. It is possible to modify the quantities of the impurities 
as well as their properties by altering the conditions of the electro- 
deposition. 

The Spectroscopic Determination of the Thickness of Electro- 
deposited Coatings. M. Passer and A. Lauenstein. (Korrosion 
und Metallschutz, 1941, vol. 17, Nov., pp. 380-384). The authors 
described some time ago two methods for the determination of the 
thickness of electro-deposited coatings by means of spark spectra 
(Metallwirtschaft, 1940, vol. 19, pp. 667-672 ; 1941, vol. 20, pp. 
209-215), which are briefly outlined in the present paper. In the 
first method the intensities of certain lines of the spark spectrum 
are compared with those obtained under identical conditions from 
standard specimens, whilst in the second method the time elapsing 
until a certain intensity of the spectrum of the base metal is reached 
is taken as a measure of the thickness of the coating. In the present 
paper the authors describe the application of these methods to the 
determination of the thickness of chromium coatings on iron and 
brass sheets, bars and tubes. In conclusion they report on attempts 
to apply their methods also to the study of tin coatings, which, 
however, owing to the low melting point of tin, proved unsuccessful. 

Electro-Magnetic Apparatus for Fault-Finding and for Deter- 
mining the Thickness of Non-Magnetic Coatings. 5. D. Entin. 
(Journal for Material Testing, U.S.S.R.: Sheet Metal Industries, 
1942, vol. 16, Sept., pp. 13826-1328). Descriptions are given of 
some testing instruments developed at the Tzniitmach Magnetic 
Laboratory (U.S.S.R.). The first is a magnetic instrument for 
detecting cracks in metals. The second is an electromagnetic 
apparatus for determining the thickness of non-magnetic coatings 
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and for checking the uniformity of the surface structure of a non- 
magnetic coating. The third is a magneto-metallographic analyser 
developed by Eremin for obtaining pictures of the microstructure 
of heterogeneous magnetic alloys; for this purpose magnetised 
polished sections are covered with stable magnetic colloids with a 
particle size of about 10-> cm. and examined at a magnification of 
500 diameters. 

The Deposition of Chromium from Chromic Acid Solutions on an 
Industrial Scale. R. Bilfinger. (Korrosion und Metallschutz, 1941, 
vol. 17, Aug., pp. 282-287). After a general review of the properties 
of electro-deposited chromium coatings, the author discusses the 
possibilities of their application for surface protection as well as 
for decorative purposes and reviews the plating techniques suitable 
for various cases, discussing in particular the factors affecting the 
hardness of the deposits. 

The Effect of the Temperature on the Deposition of Chromium 
from Chromic Acid Solutions. N. D. Biriikoff and 8. P. Makariewa. 
(Korrosion und Metallschutz, 1941, vol. 17, Aug., pp. 287-291). 
The authors studied the effect of the temperature on the value of 
K, i.e., a factor which is expressed by 


YC 3) y, 

% Crem x 100 
and represents the ratio of the rates of the electro-chemical reduc- 
tion of CrO; to Cr by atomic hydrogen to that of the purely chemical 
re-oxidation by dissolution of the cathode. The results are repre- 
sented graphically and in tables. 

The Effect of an Addition of Sulphuric Acid to the Chromic Acid 
on the Oxidation-Reduction Phenomena Involved in Chromium- 
Plating. N. D. Biriikoff and G. I. Melichow. (Korrosion und 
Metallschutz, 1941, vol. 17, Aug., pp. 294-297). The authors 
studied the effect of the concentration of sulphuric acid on the K 
value (see preceding abstract) and on the grain size of the deposited 
chromium. 

The Effect of Trivalent Chromium on the Kinetics of the Electro- 
Deposition of Chromium. N. D. Biriikoff, S. P» Makariewa and 
N. D. Podobed. (Korrosion und Metallschutz, 1941, vol. 17, 
Aug., pp. 291-294). The authors studied the effect on the electro- 
deposition of chromium of the presence of Cr(OH), formed by the 
reduction of chromic acid as well as by that added as such to the 
electrolyte. 

Soviet-Russian Results in the Field of Hard-Chromium Plating. 
M. von Pohl. (Korrosion und Metallschutz, 1941, vol. 17, Aug., 
pp. 297-299). ‘This review is based on information given by D. V. 
Pletnev in 1937 in a Russian corrosion journal and in 1940 in a 
pamphlet on chromium plating in the manufacture of wear-resistant 
machine parts. 

Recent Developments in the Field of Hard-Chromium Plating. 
J. Fischer. (Korrosion und Metallschutz, 1941, vol. 17, Aug., 
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pp. 265-276). The author reports on his study of the electro- 
deposition of chromium from a chromic-acid bath containing a 
mixture of hydrofluoric and fluosilicic acids in a certain proportion, 
which is not stated in the paper. This bath is more stable than 
baths containing only one of these two acids. Its advantages, as 
compared with the generally used bath acidified with sulphuric 
acid, are higher current efficiency, and greater brilliance and hard- 
ness of the deposits. Further, it allows of the production of thicker 
deposits and of renewed treatment of previously coated articles. 
In conclusion the anti-corrosive value of chromium coatings is 
discussed briefly, and results of salt-spray tests are reported; these 
indicate that coatings produced by the new method are more resis- 
tant than those deposited from solutions acidified with sulphuric acid. 

The Electrodeposition of Hard Nickel. W. A. Wesley and E. J. 
Roehl. (Electrochemical Society, Oct. 1942, Preprint No. 82-1). 
The authors present a brief report of the results of recent laboratory 
and pilot-plant investigations of plating baths for obtaining hard 
nickel deposits. Nickel coatings with a hardness of 380-480 
Vickers can be produced of sufficient thickness and good quality 
for industrial and engineering applications. Important improve- 
ments in the quality of the product can be accomplished by replac- 
ing the old type of hard-plating bath with one containing nickel 
sulphate NiSO,.7H,O (180 g. per litre), ammonium chloride NH,Cl 
(25 g. per litre), and boric acid H,BO, (30 g. per litre). This 
electrolyte is well buffered, contains sufficient chloride to ensure 
high anode efficiency and is therefore easy to maintain at a con- 
stant pH value. Heavy deposits can be made which are free from 
laminations, sound in structure, with a high hardness and a high 
tensile strength coupled with measurable ductility. 

Nickel-Plating with Low pH Values. R. Springer. (Korrosion 
und Metallschutz, 1941, vol. 17, Dec., pp. 397-401). The author 
reviews work (mainly American and English) published during the 
last decade on the electrodeposition of nickel from acid solutions 
with pH values between 1-0 and 2:5, and emphasises the advantages 
due to such low pH values. 

Electrolytic Lead Coatings Deposited from Solutions of Complex 
Lead-Salts. A. Glazunov and L. Jenicek. (Korrosion und Metall- 
schutz, 1941, vol. 17, Nov., pp. 384-387). The authors developed 
a method for the electrodeposition of lead by which thin, brilliant 
and non-porous coatings can be produced, the adherence of which 
on iron is so satisfactory that no intermediate layers are required. 
It is stated that an electrolyte with a complex lead cation is used, 
but no details of the method, for which a German patent has been 
applied, are given. : 2 , 

Electro-Galvanising Sheet and Strip from the Point of View of 
Mass Production. G. G. J. Adey. (Sheet Metal Industries, 1942, 
vol. 16, Sept., pp. 1809-1314). The author describes the plant and 
sequence of operations for the continuous electro-galvanising of 
sheet and strip. The plant consists of a long steel frame with the 
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following sections : (1) Loading table; (2) feed rollers driven from 
a shaft running the whole length of the machine; these rollers 
form the cathode connection of the plant; the top roller is of 
stainless steel and the lower one of rubber; (3) a series of three or 
more pickling vats with a rotary scrubber between each pair ; 
(4) two hot washing vats; (5) a series of plating vats; (6) a warm 
water washing bath; (7) an electrically heated drier; and (8) a 
passing-out table. The plating vats have horizontal orifices fitted 
with rubber lips. The particular machine described is capable of 
galvanising 24 strips, 1} in. wide x 22 gauge, running side by side 
at the rate of about 14 tons per 24-hr. day. 

Electrogalvanising. W. Eckardt. (Korrosion und Metallschutz, 
1941, vol. 17, Dec., pp. 401-403). After a review of recent publi- 
cations on the effect of impurities on the corrosion resistance of 
electrodeposited zinc, the author reports on his study of the pro- 
duction of bright zinc coatings. The results obtained with a great 
variety of bath compositions, and with different temperatures and 
current densities, are listed in an extensive table. 

Effects of Microstructure on the Galvanising Characteristics of 
Steel. R. W. Sandelin. (Sheet Metal Industries, 1942, vol. 16, 
May, pp. 610-614; June, pp. 783-786). The author’s paper on 
the effects of cold reduction, grain size and carburising treatment of 
low-carbon steel wire on the properties of the coating after galvanis- 
ing is reproduced. (See Journ. I. and 8.1., 1942, No. I., p. 103 a). 

Experience with Alkaline Zinc Plating. J. S. Jones and P. M. 
Walker. (Journal of the Electrodepositors’ Technical Society, 
1942, vol. 17, pp. 155-163). The authors describe the change-over 
at a British plating works from cadmium plating to alkaline zine 
plating. Particulars of the solutions and procedure are given. 
Chemical control of the bright zinc solution requires more attention 
than that for cadmium solution. The change from cadmium to 
zinc for the purpose of rust-proofing parts ranging from small 
switches to components of very large turbo-generators was success- 
fully accomplished inthe manner described. 

Zinc Coating on Wire. F.R.Morral. (Wire and Wire Products, 
1942, vol. 17, June, pp. 287-290, 314; July, pp. 345-349, 368-371). 
The author discusses processes of galvanising wire to meet various 
specification requirements and the possibilities of applying to wire 
methods which have been used for galvanising material other than 
wire. 

Automatic Zinc Plating as Applied to Strip Coating. B. C. 
Newlove. (Monthly Review of the American Electroplaters’ 
Society, 1942, vol. 29, May, pp. 408411). The author briefly 
describes the equipment required for the continuous zinc plating 
of steel strip. 

Hot Dip Tinning of Carbon Steels as Affected by Variation of 
Carbon, Phosphorus, Copper, Silicon, Manganese, Aluminum and 
Titanium. M. E. Fine and R. L. Dowdell. (Wire and Wire Pro- 


COATING OF METALS. Warf IN 


ducts, 1942, vol. 17, May, pp. 237-242, 256-257; June, pp. 294— 
299, 320; July, pp. 351-354). The authors describe an investiga- 
tion of the properties of the tin coating on a series of 63 steels 
of different composition, the object being to study the effects of 
changes in the amounts of carbon, phosphorus, copper, silicon, 
manganese, aluminium and titanium on, the smoothness of the coat- 
ing, its appearance under the microscope, the thicknesses of the tin 
and iron-tin-compound layers and on the continuity of the coating. 
All the steels tinned satisfactorily, only small differences in the 
properties of the coating being observed. A high silicon content 
caused the coating to be slightly rough. Hither high silicon or 
high manganese tended to increase the thickness of the iron-tin 
alloy layer. Apart from the above, no other correlation between 
the composition of the steel and the properties of the tin coating 
could be established. Thickness determinations of the iron-tin 
alloy layer revealed that an increase in the silicon or manganese in 
the steel appeared to increase the thickness of this layer, but no 
such correlation was observed with tinplate made from rimming 
steel. 

Food in Cans. T. W. Lippert. (Iron Age, 1942, vol. 149, 
Apr. 30, pp. 29-44). The author reviews the position in the United 
States with regard to the supply and consumption of tin for making 
tinplate, the measures taken by the government as to allocation 
of the reduced amount of available tin and the technical improve- 
ments and experiments carried out by various tinplate manu- 
facturers. It is planned to produce 30,000,000 basis boxes of 
electrolytic tinplate in 1943. Brief particulars of the electrolytic 
tinning plants at the principal American mills with detailed descrip- 
tions of two continuous wide-strip installations are given. One of 
these is at the Gary plant of the Carnegie-Illinois Steel Corporation ; 
here 32-in. strip is tinned at 350 ft. per min., the strip passing 
vertically into four tanks in tandem each 5 ft. deep. The second 
is that of the Crown Cork and Seal Co., Incorporated, Baltimore. 
This company employs an alkaline solution ; the existing tinning 
line is 120 ft. long and it will handle strip up to 32 in. wide at 
375 ft. per min.; additional equipment is being built to take strip 
up to 36 in. wide at 550 ft. per min. 

Substitute Coatings for Tin Plate. C. HE. Brown. (Iron and 
Steel Engineer, 1942, vol. 19, July, pp. 30-33). The author dis- 
cusses the limitations of various forms of coating which have been 
suggested as substitutes for tin for the canning industry. The 
choice appears to be limited to oiling and lacquering, and bonderis- 
ing. A bonderised coating cannot be soldered, but it is proposed 
to use bonderised cans for packing products with mildly corrosive 
properties. ; } : 

he Influence of Various Factors on the Coating Tin on Tinplate. 
J. Teindl. (Korrosion und Metallschutz, 1941, vol. 17, Nov., 
pp- 390-396). The author discusses, in separate paragraphs, the 
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influence of the following factors on the quality of tinplate and on 
the quantity of tin required: (1) The rolling procedure; (2) the 
composition of the base material; (3) the thickness of the plate 
before coating ; (4) the mode of pickling; (5) the normalising pro- 
cess; (6) the polishing technique; (7) the chemical reactions 
involved in tinplating; (8) the flux used; (9) the characteristics 
of the tinning-machine rolls; (10) the speed of travel; (11) the 
quantity of palm oil used; and (12) various mechanical effects of 
the equipment used. 

The Spraying of Metals. W. E. Ballard. (Iron Age, 1942, 
vol. 149, May 21, pp. 50-54). The author reviews the development 
of metal-spraying on the Continent, in England and in the United 
States, with particular reference to sprayed coatings of aluminium. 
He points out that the tendency in England is to concentrate on 
obtaining a coating with high corrosion-resistance properties using 
a wire diameter not exceeding 2 mm., whereas in the United States 
more stress is laid on obtaining rapid deposition for which thicker 
wire is required. 

Corrosion Protection of Foodstuff Containers by Phosphatising 
and Lacquering. H. Weise. (Korrosion und Metallschutz, 1941, 
vol. 17, Oct., pp. 363-365). The author reviews a number of 
lacquers which have proved suitable for tins for canning fish, meat, 
cheese and vegetables, but not fruit and acid foodstuffs. He de- 
scribes various modes of applying these lacquers to black-sheet cans 
phosphatised by bonderising. 

Chromates as Rust-Preventing Paints. H. Wagner. (Korrosion 
und Metallschutz, 1941, vol. 17, Oct., pp. 341-345). The author 
discusses the use of lead and zinc chromates in protective paints, 
especially in combination with other pigments, and develops a 
theory according to which the effect of the chromates is due, not to 
passivation, but to a reaction with the vehicle by saponification, 
which results in increased strength of the films. He reports on 
favourable practical experiences with lead- and zinc-chromate 
paints, and points out that increased use of the latter in the place 
of lead paints would be desirable for economic reasons. The zine 
chromate should be mixed with a higher proportion of zinc oxide 
than is usual at present, however, in order to economise in chromium 
and to facilitate saponification. 

The Pigments in Important Protective Paints. F. von Artus. 
(Korrosion und Metallschutz, 1941, vol. 17, Oct., pp. 361-363). 
The author enumerates inorganic and organic pigments suitable for 
protective paints, especially for those based on a chlorinated-rubber 
medium. 

A Note on Red Lead Economy in Rust-Preventing Paints. 
P. Prill. (Korrosion und Metallschutz, 1941, vol. 17, Oct., pp. 345- 
347). The author reports on atmospheric corrosion tests carried 
out on rolled steel sheet specimens coated with protective paints 
containing pure red lead and red lead mixed with barytes in various 
proportions, with ammonia-treated active carbon plus zinc oxide, 
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The paints with pure red lead and with ammonia-treated active 
carbon proved greatly superior to those with admixtures of barytes. 
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A Short-Gage-Length Extensometer and Its Application to the 
Study of Crankshaft Stresses. C. W. Gadd and T. C. van Degrift. 
(Journal of Applied Mechanics, 1942, vol. 9, Mar., pp. A-15—A-20). 
The authors describe an extensometer suitable for use on short 
gauge lengths, and its application for studying stresses in crank- 
shafts. The operation of the gauge is by means of a simple 
mechanical lever integral with one of the gauge points and a pair 
of gratings of alternate transparent and opaque bands which 
intercept a collimated beam of light rays directed on a photocell. 
The mechanical stage is coupled directly to one of the gratings ; 
the other remains fixed, except when making necessary adjust- 
ments prior to applying the load to the specimen and checking a 
stress. When the specimen is strained the gratings move relative 
to one another in such a manner that the light falling on the cell 
varies in proportion to the strain. 

Plastic Flow as an Unstable Process. L. H. Donnell. (Journal 
of Applied Mechanics, 1942, vol. 9, June, pp. A-91—A-95). Instead 
of occurring simultaneously over regions which are uniformly 
stressed, plastic flow frequently proceeds in a discontinuous manner, 
as in the formation of wedge-shaped plastic regions around the 
periphery of specimens tested in torsion. In this paper the author 
explains this phenomenon as an instability brought about by stress 
concentrations which are caused, not by discontinuities in the 
shape of the specimen, but by the discontinuous behaviour of the 
material around the yield point. : 

Correlation of Residual Stresses in the Fatigue Strength of Axles. 
O. J. Horger and H. R. Neifert. (Journal of Applied Mechanics, 
1942, vol. 9, June, pp. A-85-A-90). The authors study and present 
data relating to the correlation between the residual stresses arising 
from heat treatment and the fatigue strength of solid and hollow 
railway wagon axles. It was found that a high fatigue strength 
was associated with high residual surface compressive stresses, and 
the lowest fatigue-strength values were associated with residual 
surface tensile stresses. 

Fatigue Strength of Welded Joints. W.Spraragen and D. Rosen- 
thal. (Welding Journal, 1942, vol. 21, July, pp. 297-S-348-5). 
The authors present a comprehensive review of the literature from 
October 1936 to September 1941 on the fatigue strength of welded 
joints. The bibliography contains 127 references. 

Hardenability Calculated from Chemical Composition. M. A. 
Grossmann. (American Institute of Mining and Metallurgical 
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Engineers, Technical Publication No. 1437: Metals Technology, 
1942, vol. 9, June). The author develops a series of curves and 
data which enable the hardenability of a steel to be calculated 
from its chemical composition and grain size. (An abridged version 
of this paper has appeared previously, see Journ. I. and S.I., 1942, 
vol. IT., p. 219 4). 

Metallic Wear of Metals and Alloys. J. W. Donaldson. (Metal- 
lurgia, 1942, vol. 26, Sept., pp. 155-160). After describing the 
principles of the Amsler and Skoda-Sawin wear-testing machines, 
the author considers how lubrication, surface temperatures, run- 
ning-in and polish affect cylinder wear, oxidation wear and the 
seizure of surfaces. In conclusion, the properties of some wear- 
resisting materials are given together with curves which show the 
relation between the surface hardness and the depth of case of 
steels treated by case-hardening, nitriding and induction hardening. ~ 

Notes on the Temperature Coefficient of Resistivity of Metals and 
Alloys. J.C. Chaston. (Metal Treatment, 1942, vol. 9, Autumn 
Issue, pp. 71-73). The author points out some facts relating to 
the changes with temperature of the electrical resistivity of metals 
and alloys. The resistance of nearly all metals is about 40% 
greater at 100° than at 0° C.; the exceptions to this generalisation 
are iron, thallium, cobalt, nickel and rubidium, for which metals 
the increase in resistivity is about 65%. 

The Thermal and Electrical Conductivities of Metals and Alloys. 
J. W. Donaldson. (Metal Treatment, 1942, vol. 9, Autumn Issue, 
pp. 97-107). The author reviews recent investigations of the 
thermal and electrical conductivities of pure metals and alloys 
and the relationship between the two conductivities as given by 
the Wiedemann-Franz-Lorenz law. For certain ferrous and non- 
ferrous alloys curves have been obtained from which experimental 
values do not depart by more than a given percentage, usually 
10-12, and from these curves equations have been derived for 
estimating the thermal conductivity from the electrical conductivity. 

The Behaviour of Steel at Elevated Temperatures. A. Pomp. 
(Stahl und Eisen, 1942, vol. 62, July 2, pp. 571-575). The author 
reviews the German and American literature published in 1941 
on the properties of steel at high temperatures. 

Hardenable Alloys as Wear-Resisting Materials for Deposition by 
Welding. P. Ehlers. (Autogene Metallbearbeitung, 1940, vol. 33, 
Dec. 1, pp. 301-304). The author describes the properties and 
applications of an iron-base alloy for hard-facing containing carbide- 
forming elements and up to about 3-5 of carbon which has been 
developed by the I. G. Farbenindustrie. It is known as “ Gridur E.”’ 
It has good welding properties and can be hardened by heat treat- 
ment to Rockwell C 65 and even higher. 

Economy in the Use of Ferro-Alloys. W.H. Hatfield. (Metal- 
lurgia, 1942, vol. 26, Sept., pp. 149-151). This paper constitutes 
the author’s address at the Conference on Mineral Resources and the 
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Atlantic Charter, held recently by the Social and International 
Relations of Science Division of the British Association. From a 
review of the geographical position of raw materials it is seen 
' that the principal steel-producing countries are dependent on the 
_ normal functioning of international trade and copious transport, 
particularly shipping. In 1940, the Special and Alloy Steels Com- 
mittee set up a Technical Advisory Committee to deal with the 
~ problem of reducing the number of specifications for steel and the 
2000-3000 existing specifications were sorted out into 85 categories, 
mainly on the basis of mechanical properties, compositions or 
special functions. From these categories the British Standards 
Institution selected and published 58 specifications in B.S. 970/1941 
which was revised in 1942. In conclusion the use of small amounts 
of alloying elements, such as chromium and nickel, to render 
possible the hardening and tempering of steel of heavy section is 
briefly discussed. 

New Metals and New Methods. C. H. Desch. (Nature, 1942, 
vol. 150, Oct. 10, pp. 419-421). This is a paper read at the Con- 
ference on Mineral Resources and the Atlantic Charter arranged 
by the Division for the Social and International Relations of Science 
of the British Association. The author discusses the effects of 
elements of rare occurrence on iron and steel, the development of 
new alloys, methods of processing new alloys and their applications, 
and the difficulties of substituting one metal or alloy for another. 

New Aero (NE) Steels. (Steel, 1942, vol. 111, Sept. 7, pp. 78-82). 
As part of the plan for formulating the specifications of the National 
Emergency Steels in the United States the Technical Advisory 
Committee on Aeronautical Steels was set up, and this committee 
has drawn up a tentative list of carbon, low-alloy and corrosion- 
resistant steels covering bars, sheets and tubing which it is thought 
should provide all the needs of aircraft manufacturers. The com- 
positions of these steels, with their tentative numbers and data on 
the steels they are intended to replace, are given in two tables. 

Available Steels for the Petroleum Industry under Present 
Emergency Conditions. A. Grodner. (Steel, 1942 Gt-vol ali); 
Aug. 17, pp. 73-74). The author gives a summary of some of 
the alloy and carbon steels still available to the petroleum industry 
in the United States, classifying them according to their corrosion 
resistance at normal and at elevated temperatures and their strength 
at low temperatures, and giving the A.S.T.M. code numbers. 

National Emergency Gear Steels. E. F. Davis. (Iron Age, 
1942, vol. 150, Aug. 6, pp. 45-49; Aug. 13, pp. 58-64). The 
author describes how the American Iron and Steel Institute in 
collaboration with the Society of Automotive Engineers drew up the 
specifications of National Emergency Steels, and then gives details 
of the composition and properties of those of the NE 8000 series 
which fall into two general groups, the manganese-molybdenum 
and the chromium-nickel-molybdenum steels. In the second part 
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of the paper the microstructure and hardenability of the 5.A.E. 
4000 series of steels, with particular reference to gear making, are 
discussed. The only alloying element in these steels is molyb- 
denum, the amount present being 0-20-0:30%. They are not 
actually National Emergency Steels, but are recognised by both 
the above institutions. 

The National Emergency Steels NE 8000 Series. C. M. Parker. 
(American Iron and Steel Institute, Contributions to the Metal- 
lurgy of Steel, No. 7, 1942). Particulars are given of the properties, 
especially the hardenability, of National Emergency Steels of the 
8000 series, which are manganese-molybdenum and chromium- 
nickel-molybdenum steels. 

Supplementary National Emergency Steels NE 9400, 9500 and 
9600 Series. (American Iron and Steel Institute, Contributions to 
the Metallurgy of Steel, No. 8, 1942). This publication constitutes 
a report by the Technical Committee on Alloy Steel of the American 
Tron and Steel Institute to the War Production Board in which 
the development of three new types of National Emergency Steel 
is described and their properties, especially hardenability, discussed. 
The NE 9400 series are manganese-silicon-nickel-chromium-molyb- 
denum steels; the NE 9500 series are manganese-silicon steels with 
0-40-0-60°%% each of nickel and chromium, plus 0-15—0-25% of 
molybdenum ; the NE 9600 series are manganese-silicon-chromium 
steels. 

Selection and Conservation of Alloying Elements Used in Steel. 
J. Mitchell. (American Iron and Steel Institute, Contributions 
to the Metallurgy of Steel, No. 6, 1942). The effects of small 
quantities of the elements carbon, manganese, phosphorus, sulphur, 
silicon, chromium, nickel, molybdenum, vanadium and copper in 
steel on the abrasion resistance, fabricating properties, machin- 
ability, quench-crack sensitivity, corrosion resistance, strength and 
toughness are discussed. The information given is also presented 
in a table in which the beneficial or detrimental effects are indicated 
by a simple code. 

Guide to Alloying Elements Used in Steel. (Iron Age, 1942, 
vol. 150, Aug. 6, pp. 56-57). A summary of the information given 
in Contributions to the Metallurgy of Steel, No. 6, is presented. 
(See preceding abstract). 

Conserving Alloy Steels. C. L. Clark. (Steel, 1942, vol. 111, 
Sept. 7, pp. 111, 123-125). The author presents data on the 
corrosion resistance and creep strength of steels containing different 
amounts of chromium with particular reference to steels containing 
a& minimum amount of chromium which would be suitable for 
plant for refining and cracking oils. 

The En Steels in Peace and War. (Iron and Steel, 1942, vol. 15, 
Aug., pp. 411-416; Sept., pp. 443-446). The properties of the 
“En” steels are discussed from the point of view of their suit- 
ability for light, but high-duty, machinery, including aero-engines. 
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The “ En ” steels are the 58 steels for general engineering purposes 
selected by the Technical Advisory Committee of the Iron and 
Steel Control which are included in the War Emergency Standard 
Schedule 970-1941. 

Metallurgical Study of Cast Iron for Glass Molds. W.H. Bruckner 
and H. Czyzewski. (Journal of the Ceramic Society, 1942, vol. 25, 
Sept. 1, pp. 381-388). The authors report the results of research 
the object of which was to develop an iron suitable for the moulds 
in automatic glass-forming machines. The difficulty is to prevent 
cracks from forming in that part of the surface which is alternately 
heated and cooled by the hot glass and its removal. An accelerated 
method of testing was devised. The results indicated that sand- 
cast iron is more resistant to cracking than chill-cast iron of the 
same composition. Annealing chill-cast alloy irons increases the 
resistance to cracking, whereas a spheroidising heat treatment 
decreases it. The most suitable material appears to be an annealed 
chill-cast alloy iron containing chromium, nickel and molybdenum ; 
this iron is more susceptible to cracking than a sand-cast iron of 
the same composition, but the latter will not polish sufficiently. 
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Electrolysis Corrosion. (Journal of the Institution of Engineers 
Australia, 1942, vol. 14, June, pp. 148-150). This article is a repro- 
duction of Corrosion Circular No. 5 issued by the Council for Scien- 
tific and Industrial Research; it is in two parts. The first part 
describes methods of preventing the electrolytic action which 
accelerates the corrosion of underground metallic structures such 
as petrol and oil storage tanks and related pipework. “‘ Cathodic 
protection ” may be applied to petrol pumps and similar structures, 
as well as pipes, by forcing a direct current to discharge from an 
earth plate and to collect on the metal surface to be protected. 
The second part deals with precautions against stray-current 
corrosion of buried metal conduits by contact with bridge struc- 
tures; in this part methods of insulating the conduits from the 
structure to which they are fastened are described. 

A Study of Soluble Inhibitors, with Special Reference to Heat 
Transfer and Water-Line Attack. R. S. Thornhill and U. R. 
Evans. (Journal of The Iron and Steel Institute, 1942, No. 103 
pp. 73P-103 Pr). In the first part of the paper U. R. Evans in an 
explanatory statement indicates the problems which the research 
described in the second part was intended to solve. The tests 
were made by alternately heating and cooling 6-in. specimens of 
steel strip; the ends of the specimens were bent over and dipped 
into (a) softened water, (b) untreated water and (c) untreated 
water containing magnesium chromate. He discusses the ee 
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of an inhibitor and summarises the conclusions which may be drawn 
from the investigation of the behaviour of magnesium chromate under 
different conditions, an account of which is given by R. 8. Thornhill 
in Part II. The latter carried out experiments to ascertain whether 
magnesium chromate belongs to the “safe” or the “dangerous” 

class of inhibitors. ‘Tests upon steel partly immersed in various 

natural waters under conditions of alternate heating and cooling 
_ indicate that, if rusting is to be avoided, magnesium chromate must 
be replenished at certain intervals. But even if the periods elapsing 
between replenishments are double those needed to avoid all corro- 

sion, the steel suffers little thinning over periods sufficient to cause 
perforation of steel in similar water without chromate. In cases 
where steel was allowed to start rusting before the inhibitor was 

added, the rusting ceased after the addition of the inhibitor. On 
the other hand, experiments without heating under stagnant con-~ 
ditions showed that steel carrying mill-scale interrupted by a scratch- 

line suffered more rapid thinning when inadequate amounts of 
the inhibitor were added than in similar water without inhibitor. 

Both potassium chromate and basic magnesium chromate decrease 
the total corrosion as the amount added is increased, but the 
intensity of attack, owing to localisation, is at first greatly increased. 

Thus, both of the inhibitors belong to the dangerous class. 

The intense localised corrosion which occurs at concentrations 
intermediate between those permitting general corrosion and those 
conferring complete immunity sometimes takes the form of pitting. 
It may occur on any part of the specimen, but when the susceptible 
point is situated in or near the meniscus zone, the attack develops 
into a “ box” of triangular cross-section, instead of the ordinary 
blister, and under these water-line conditions the attack is very 
vigorous. The fact that the water-line may sometimes be immune 
and sometimes specially attacked, according to the nature of the 
metal, the liquid and the time of exposure, is capable of a con- 
sistent explanation. Another cause of water-line attack has been 
found in the condensation of moisture, free from inhibitor, above 
the water-line; where this trickles down, it produces an area 
locally weaker in inhibitor, giving rise to the cell : 


Tron | Concentrated inhibitor | Diluted inhibitor | Iron. 


Measurements of heat transfer through steel walls show that 
under conditions where the corrosion product would cling to the 
walls and obstruct heat transfer, the presence of basic magnesium 
chromate improves the situation by preventing the formation of 
that corrosion product. However, in the waters studied, the 
corrosion product does not cling to the walls under conditions of 
alternate heating and cooling, so that in effect the presence of the 
inhibitor has little influence on heat transfer. 

Cans Made of Bonderised and Lacquered Steel Sheet. L. 
Schuster. (Stahl und Hisen, 1942, vol. 62, Aug. 13, pp. 685-694). 
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Bonderised and lacquered cans are now being used for preserving 
foods and have been developed to an important extent. In this 
paper the author presents and discusses the results of tests in 
which a comparison was made of physical and corrosion-resistance 
properties of lacquered cans the steel for which was treated by 
bonderising and other methods before being lacquered. These tests 
proved that bonderising fulfills the requirements by providing good 
adhesion for the lacquer and considerably increasing the corrosion 
resistance. ‘The best results were obtained with a very light and 
fine-grained bonderised coating. A plant for bonderising and 
lacquering 5000 to 6000 cans per hr. is described. ; 

Rust-Proofing Cadmium Plated Aircraft Tubular Parts. B. 
Gross. (Iron Age, 1942, vol. 150, July 30, pp. 52-53). The author 
describes some corrosion tests on cadmium-plated chromium- 
molybdenum steel tubes used in aircraft construction. It was 
found that when the tube was hermetically sealed by welding, 
both the inside and outside surfaces were in perfect condition after 
an 800-hr. salt-spray test. When the inside of the tube was flushed 
with hot linseed oil, drained, and the holes plugged with cadmium- 
plated screws, internal corrosion began after only 24 hr. in the salt 
spray and the external coating was also attacked. 

Corrosion Tests on Welded and Annealed Specimens. LL. Hun- 
sicker. (Autogene Metallbearbeitung, 1941, vol. 34, Sept. 1, 
pp. 273-280). The author reports on an investigation of the 
rates of corrosion and the changes in tensile strength and elonga- 
tion of specimens of steel, copper and aluminium in continuous 
and in intermittent immersion tests lasting 250 hr. Special atten- 
tion was given to the effect of scale. The surface potential of 
scale-covered material was determined from the potential of the 
scale and that of the metal underneath. The more scale present 
and the tighter its adherence to the metal, the nearer did the sur- 
face potential approach that of the scale. The uniform coating of 
scale caused by annealing lowered the surface potential. In con- 
tinuous immersion tests on a scale-covered specimen from the 
heat-affected zone of a weld, the rate of corrosion decreased rapidly 
with time in the early stages, whilst the rate of corrosion of machined 
scale-free specimens of weld metal varied between two limiting 
values and, generally speaking, was greater than that of metal 
from the heat-affected zone. In intermittent immersion tests with 
machined and with scale-covered specimens the specific rates of 
corrosion decreased at first, but after a certain lapse of time they 
increased rapidly; the fine-grained material annealed at a higher 
temperature corroded the least. With cast iron the specific rate 
of corrosion increased rapidly at oot then decreased equally 
rapidly and finally progressed at a steady rate. : 

P Water fae Testing of Metal Protective Paints. W. W. 
Kittelberger. (Industrial and Engineering Chemistry, Industrial 
Edition, 1942, vol. 34, Aug., pp. 943-948). The author reports 
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the results of corrosion tests in which seven series of 4 in. X 6 in. 
steel panels were painted using seven well-known linseed-oil paints. 
There were six panels in each series. After drying for three 
weeks each set of six was prepared so that two panels were com- 
pletely coated on both sides, two had bare metal areas of about 
1 sq. mm. and two had bare metal areas of about 78-5 sq. mm. ; 
these bare areas were in the centre of one side. All the panels 
were immersed to a depth of 4 in. for 32 days, one lot in tapwater 
and a second lot in a 3% solution of sea salt. The salt water was 
changed once a week and observations of blistermg and rusting 
were made at intervals; finally, the paint was removed and the 
panels were graded for corrosion. The effect of the bare metal 
areas on the order of quality of the seven paints was practically 
negligible in the case of blistermg and rusting in tapwater and 
rusting in salt water. Graded by blistering in salt water, the order 
of merit of the paints on fully coated panels differed from that of 
panels with bare areas. 

The results demonstrated that, in evaluating the protective 
properties of organic coatings by salt-water immersion tests, a 
lack of control over the areas of bare metal may lead to serious 
errors; in the tests described an area of 1/1200th of the painted 
immersed area had a marked influence. 
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Mineral Resources of the U.S.S.R. D. Williams. (Nature, 
1942, vol. 150, Nov. 7, pp. 539-541). This paper constitutes the 
author’s address at the Conference on Mineral Resources and the 
Atlantic Charter, held recently by the Social and International 
Relations of Science Division of the British Association. Even 
omitting the astronomical tonnages of low-grade quartzitic iron ores 
of the Kursk district, the Soviet reserves of iron ore have recently 
been estimated at more than 10,000 million tons, surpassing those 
of the United States. With such huge resources it is clear that the 
Soviet Union has the opportunity not only of fulfilling her own 
internal demands, but also of contributing a generous export supply. 
In 1936 the manganese resources of the Union were computed at 
more than 700 million tons. Although the output of chromite has 
increased during the past decade, it has latterly been used almost 
wholly for domestic requirements of ferro-chromium and chromium 
chemicals. Unless fresh discoveries are made, Russia may feel 
compelled to retain her entire production of chromite for home con- 
sumption. For. tungsten and molybdenum the Union relies very 
largely on imports. By exploiting several extensive low-grade 
nickel-silicate deposits in the Urals and nickel-sulphide bodies in the 
Kola Peninsula and in Northern Siberia, the Union may well become 
independent of imports in times of peace. 

Brazil. E. A. Teixeira. (Engineering and Mining Journal, 
1942, vol. 143, Aug., pp. 89-98). In this description of the mineral 
resources of Brazil the author shows that there are very large reserves 
of iron, manganese and nickel ores. The deposits of high-grade iron 
ores in Minas Geraes alone are estimated at 1,500,000,000 tons. 
Fourteen smelting plants are in operation, and in 1939, 160,000 tons 
of pig iron and over 100,000 tons of steel were produced. Manganese 
deposits are found in three States in Brazil, all far from the coast. 
The Morro da Mina mine in the Minas Geraes is the most important, 
producing about 20,000 tons of ore per month. The ore as put on 
rail contains about 46% of manganese and 7% of iron. The nickel 
ore garnierite occurs in minable quantities in the States of Goyaz 
and Minas Geraes, but the Goyaz deposits have not been success- 
fully worked because they are too far from any railway or seaport. 
At Livramento in Minas Geraes a 20-ton electric furnace is being 
used to produce 20% ferro-nickel. 

Chile. F. Benitez. (Engineering and Mining Journal, 1942, 
vol. 143, Aug., pp. 75-80). The author gives an account of the 
mineral resources and present state of development of mining in 
Chile. The principal metals and minerals produced and the esti- 
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mated output at the present time are : copper 500,000 tons, tron ore 
1,750,000 tons, manganese ore 60,000 tons, molybdenum concen- 
trate (90% MoS,) 1000 tons, coal 2,200,000 tons and sodium nitrate 
1,500,000 tons. There are iron-ore deposits all less than 20 miles 
from the coast, the best known being a little north of the port of 
Coquimbo ; this ore contains iron 60%, phosphorus 0:05% and silica 
T5%. 

(ene N. B. Knox. (Engineering and Mining Journal, 
1942, vol. 143, Aug., pp. 85-88).. The author gives an account of 
the mineral resources of Venezuela. Apart from gold, the principal 
minerals now under development are iron ore, asbestos, and magne- 
site; mercury and chromite have also received some attention. 
Although the immense tonnage of iron ore available in the Imataca 
Range has never been measured, some exploration and develop- 
ment work has been done, principally at El Pao. This bed is 
estimated at over 60,000,000 tons of ore containing 65% of iron. A 
harbour is being constructed at Palua on the Orinoco River 30 miles 
away, and this will eventually be connected to the mines.by railway. 
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Some New Experiences Relating to Drilling and Blasting in 
Mining. T. Ekstam. (Jernkontorets Annaler, 1941, vol. 125, No. 
8, pp. 441-466). (In Swedish). The author describes develop- 
ments in drilling and blasting as practised in the iron-ore fields of 
North Sweden. The advantages of hammer drilling machines and 
of having detachable bits on the drill-rods are discussed and data 
are presented which enable drilling times and costs to be compared. 
The techniques for placing explosives and shot-firing are described. 

Investigation of the Possibilities of Reducing the Weight of Hoist 
Ropes Used in Ore Mining. FE. Rothelius. (Jernkontorets Annaler, 
1941, vol. 125, No. 11, pp. 615-650). (In Swedish). In the first 
part of the paper the author presents a mathematical analysis of the 
factors affecting the weight of the wire ropes used for hoisting in 
iron-ore mines. The most important factors are the breaking stress 
of the rope, the safety factor and the dead load. In the second part 
mining experience and accident statistics and their relation to these 
factors are dealt with. To increase the breaking stress is the 
simplest way of decreasing the rope weight, but experience has 
shown that to increase this above 150 kg. per sq. mm. means shorten- 
ing the rope life. 

The Changes in Phosphorus Content when Concentrating some 
Swedish Iron Ores with a Shaking-Screen Plant. F. Mogensen. 
(Teknisk Tidskrift, 1941, vol. 71, Aug. 9, Bergsvetenskap pp. 61- 
68). (In Swedish). The author reports on an investigation of the 
distribution of phosphorus in the screenings at a plant for con- 
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centrating Swedish iron ore. It was found that as soon as apatite 
was present in a fairly pure crushed state a belt of apatite formed 
itself behind the iron-ore belt on the shaking screen and this was often 
the es of high phosphorus in the “ slig ’’ (an ore concentrate high 
in iron). 

Heat Balances and Economics of Ore-Preparation Plants. III. 
Present Problems in the Preparation of the Burden, especially Sinter- 
ing. K. Guthmann. (Stahl und Eisen, 1942, vol. 62, Aug. 6, pp. 
671-677). Having discussed the importance of adequate crushing, 
grading and mixing facilities for iron ores in Part II. of this series 
(see Journ. I. and §.I., 1942, No. II., p. 89 4), the author in Part III. 
considers the economic aspects of ore preparation, dealing in particular 
with the results obtained when sintering with different fuels, the 
effects of different proportions of sinter in the burden on the coke 
consumption in the blast-furnace, the present state of development 
of ore-preparation plants and the demand for structural steel to 
build them. 
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High-Pressure Steam and Boiler Plants in Iron and Steel Works 
W. Giildner. (Stahl und Eisen, 1942, vol. 62, Oct. 1, pp. 835-848). 
The author discusses the steam economy of iron and steel works and 
the points which must be considered in connection with the installa- 
tion of high-pressure steam plant at a steelworks. For the efficient 
production and use of steam high temperature and high-pressure 
technique must be applied. Increasing the temperature has 
relatively more effect than increasing the pressure. The steam 
temperature is to-day limited to about 500° C. by the durability of 
materials. The steam economies of seven different works are com- 
pared and it is seen that the results achieved differ greatly. It is 
recommended that for the future an effort to standardise boilers 
should be made. 

Recent Advances in the Control of Multi-Fuel-Fired Furnace. 
V. C. Vaaler. (Iron and Steel Engineer, 1942, vol. 19, Sept., pp. 
134-138). The author gives details of mechanisms which have 
been devised for controlling the fuel and air supply to open-hearth 
and reheating furnaces burning more than one fuel. These control 
systems have been devised to solve such problems as: (1) Total 
air-flow control with automatic flow control of the primary fuel and 
manual control of the secondary fuel; and (2) total heat-input 
control with a varying supply of primary fuel and make-up of 
secondary fuel with a superimposed temperature control. 

Efficient Operation of Heating Furnaces. F. A. Gray, R. J. 
Sarjant and H. H. Utley. (Fuel Economy Review, 1942, vol. 21, 
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pp. 16-39). The authors present a treatise on furnace practice and 
outline the essential features of the economical operation of heating 
furnaces. The chief properties and uses of natural and prepared 
fuels are dealt with first. The theory of combustion and the method 
of selected fuel is dealt with next. This is followed by a discussion 
of the main elements of furnace design and how to avoid unnecessary 
losses of heat. The last three sections of the treatise relate to 
obtaining a general idea of the efficiency of a furnace plant, auxiliary 
plant and whether it is possible to improve the efficiency of a furnace 
when rebuilding it. 

Experience in the Coking and Low-Temperature Carbonisation of 
Saar and Lorraine Coals. W. Gollmer. (Stahl und Eisen, 1942, 
vol. 62, Sept. 17, pp. 789-795). The author gives an account of 
trials with several processes the object of which was to develop an 
economic method of coking Saar and Lorraine coals. These trials 
brought to light hitherto unrecognised properties of the coals, but a 
satisfactory method of avoiding having to bring in a suitable non- 
caking diluent (such as ground coke breeze) from a considerable 
distance to mix with the coke-oven or retort charge was not found. 

Fundamental Considerations Concerning the Improvement of 
Blast-Furnace Coke. H. Hoffmann. (Stahl und Eisen, 1942, vol. 
62, Oct. 1, pp. 846-849). The author discusses methods of deter- 
mining the suitability of coke for reducing ore in the blast-furnace. 
He describes briefly some of the well-known methods of testing 
cokes and points out that these do not give a full picture of the 
surface structure of coke so as to enable the behaviour of the coke in 
the blast-furnace to be reliably predicted. Some methods for 
improving the quality of coke made from Saar and Upper Silesian 
coals are described. 

The Selection of Bituminous Coals for Use in Gas Producers. 
(Fuel Economy Review, 1942, vol. 21, pp. 74-81). In an earlier 
article on gas-producer practice (see Journ. I. and §.1., 1942, No. I., 
p. 6 A) a section was included on the selection of suitable bituminous 
coals. In the present paper specific data on the properties of suit- 
able coals from the various coalfields of Great Britain are made 
abbas This information has been supplied by the following 
authors : 


J. Gibson : Ayrshire and Dumfriesshire Coals. 

J. A. C. Edmiston : Lanarkshire and Lothian Coals. 

R. Bulmer : Northumberland and Durham Coals. 

R. fe jap : Yorkshire, Derbyshire and Nottinghamshire 
oals. 

H. T. Pinnock : South Midland Coal. 

F. J. Hurlbut : Coals Used in Lancashire. 


Gas Producer Calculations. (Fuel Economy Review, 1942, vol. 
21, pp. 67-68). In amplification of an article ‘“ Notes on the 
Efficient Working of Gas-Producer Plant ” (see Journ. I. and S.I., 
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1942, No. I., p. 6 A) methods of obtaining data which provide a 
useful insight into the quantitative aspects of the principal reactions 
taking place in the fuel bed of a producer are now published. 
Methods of calculating the carbon balance and the nitrogen balance ~ 
are explained. 
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Instruments for Aiding Blast Furnace Production. R.M. Walker. 
(Steel, 1942, vol. 111, Sept. 14, pp. 134-142, 192-197). The author 
describes several types of instruments and control systems used in 
blast-furnace practice, including those for recording the temperature, 
pressure, humidity and flow of the blast, stock-line recorders, shaft 
temperature recorders and stove temperature recorders. Experi- 
ments are being carried out with a photoelectric instrument for 
recording the grains of dust per cubic foot in the top gas entering 
the dust catcher. 

Dry Blast Production. D. Wolochow. (Canadian Metals and 
Metallurgical Industries, 1942, vol. 5, Aug., pp. 230-237). The 
author reviews the literature on the drying of blast-furnace blast by 
chemical means and by refrigeration, and cites and compares the 
results achieved in American, Canadian and English practice. 

Different Methods of Producing Vanadium Slag. H. Zieler. 
(Stahl und Eisen, 1942, vol. 62, Sept. 17, pp. 795-799). The re- 
covery of the vanadium usually present in the iron ores used in 
Germany has become of great importance and the majority of the 
German basic-Bessemer steelworks use a vanadium-rich pig iron and 
slag-off the vanadium with this purpose in view. In this paper the 
author reviews and compares the vanadium-recovery processes of 
several German works. 

Slag Systems—The Viscosity Determination of Blast Furnace 
Slags. R. Hay. (Journal of the West of Scotland Iron and Steel 
Institute, 1941-42, vol. 49, Part VI., pp. 89-99). A short account 
of some preliminary work on slag viscosity determinations has been 
published previously (see Journ. I. and S.L., 1938, No. I., p. 60 4). 
In the present paper the results of some further work using the 
concentric cylinder method are given. The apparatus consisted 
essentially of two concentric cylinders surrounded by an electric 
furnace; the slag was placed between the cylinders and the torque 
from the inner cylinder rotated under a constant couple caused by 
the fixed outer cylinder was measured. This apparatus 1s described 
in detail and the formule used in the calculations are explained. 
From many experiments with synthetic blast-furnace slags the 
following conclusions are drawn: (1) When there 1s no change in 
the mineral constituents of a slag, the viscosity varies continuously 
with the composition ; but when a change in the mineral constitu- 
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ents occurs, the viscosity-composition curves show decided dis- 
continuities, these corresponding to the composition at which the 
- new constituent appears. (2) The viscosity-temperature curves 
tend to become asymptotic at temperatures considerably above the 
melting point of the various melts, and this suggests that, with increas- 
ing temperature, dissociation increases so that at sufficiently high 
temperatures, viscosity will change continuously with composition. 
(3) Working with a slag of the normal basicity of 1-4, ores with 
20-30% of alumina can be used to produce high-silicon iron suitable 
for foundry practice, but if a basic iron is required, then it is essential 
to have a lower hearth temperature to prevent the reduction of 
silica to silicon ; an alteration in the type of slag is therefore essential 
to get a reduced viscosity, otherwise scaffolds and similar troubles 
will be experienced. This reduction in viscosity may be achieved 
by increasing the silica content of the slag. (4) Fluorspar has been 
shown to reduce the viscosity of certain melts, and has been used in 
practice to remove scaffolds. (5) Magnesia has also been shown to 
reduce the viscosity of CaO—Al,O,-SiO, melts. 

Methods of Producing Metals and Ferro-Alloys Having Regard 
to Swedish Conditions. Bo Kalling and A. Lindblad. (Jernkon- 
torets Annaler, 1941, vol. 125, No. 8, pp. 333-421). _ (In Swedish). 
The authors present a comprehensive review of the methods of 
producing ferro-silicon, silico-aluminium, ferro-manganese, spiegel, 
silico-maganese, ferro-chrome, ferro-tungsten, ferro-molybdenum, 
ferro-vanadium, ferro-titanium, silico-calcium and ferro-phosphorus 
as well as the non-ferrous metals aluminium, magnesium, zine, lead, 
copper, nickel, cobalt and tin. Attention is given chiefly to the 
processes used in Sweden and Norway, and those in use in other 
countries which might later be introduced into Sweden. 

The Manganese Requirements of the Steel Industry and a New 
Metallurgical Method of Concentration. H. Léfquist. (Jernkon- 
torets Annaler, 1941, vol. 125, No. 4, pp. 147-183). (In Swedish). 
The author first reviews the history of the production of manganese, 
the importance of manganese in the steel industry, manganese- 
bearing ores and their geographical distribution, the difficulty in 
obtaining the ores during the war of 1914-18, and the steps taken in 
Germany and the United States to improve the manganese position. 
He then describes in detail the theoretical basis, laboratory and full- 
scale tests and the scheme for production on an industrial scale, of 
50% ferro-manganese by a process developed by himself. This is a 
method of enriching the spiegel produced from low-manganese ores. 
The spiegel (containing 20%, manganese) is treated in a mixer witha 
slag low in SiO, and high in FeO to which is added FeS in the form 
of magnetic pyrites or molten FeS, and iron scrap: The quantity 
and composition of the slag are so adjusted that the manganese in 
the spiegel is slagged off, leaving about 3-5°% of manganese in the 
molten iron. This easily melting (<1300° C.) sulphide-oxide slag 
can readily be tapped off after a very short reaction lasting only 
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10 min., and it contains 50-60% of manganese, 2-4°%, of iron, 10- 
18% of sulphur and is low in silica. After roasting in a kiln or 
sintering pan, a sinter containing 53-64% of manganese, 5% max. of 
iron and low in silica is obtained which can be used for making ferro- 
manganese in a blast-furnace or electric furnace. The 4-5%- 
manganese iron left after tapping the slag contains 0-02-0-04% of 
sulphur, and can be refined in a basic open-hearth furnace to pro- 
duce a steel containing 0-3-0-4% of manganese; this part of the 
process gives rise to a slag low in silica, containing 15-30% of iron 
and 30-40% of manganese, which can be used as an oxidising 
addition together with iron sulphide to make up a fresh charge. 
There is thus almost 100% recovery of the manganese. Nearly all 
the phosphorus is in the iron, and there is practically none in the 
high-manganese slag. There is also the possibility of utilising certain 
steelworks’ waste products for making up the slag. For instance, 
when the waste pickling solutions are neutralised with lime, the 
iron hydroxide and calcium-sulphate sludge which is formed can be . 
utilised. The method described has proved satisfactory in tests at 
German and American steelworks. 

The Practice of Powder Metallurgy. H.W. Greenwood. (Metal 
Industry, 1942, vol. 61, Oct. 30, pp. 279-281). The author reviews 
recent literature on powder metallurgy. Reference is made to 
some experimental work by F. C. Kelley on iron, cobalt, nickel and 
alloys of these metals. His conclusions were: (1) Pressure is the 
least important factor, but there is an optimum pressure range 
which facilitates the obtaining of maximum density (this range for 
iron and nickel, is 30-60 tons per sq. in., but for cobalt is 10-40 tons 
per sq. in.); (2) temperature is the most important factor, the 
_ eritical temperature lying between 1350° and 1400° C. ; and (3) 
time at the required temperature is an important factor; the best 
sintering time for these three metals is 32 hr. 

Julius Rémheld, the Builder of the First Coke Blast-Furnace in 
the Rhine-Westphalian Industrial District. H. Mertens. (Stahl 
und Eisen, 1942, vol. 62, Oct. 22, pp. 903-905). An account is 
given of the life and work of Julius Romheld (1838-1904), who in 
1847, as blast-furnace manager of the Friederich-Wilhelms-Hiitte, 
Miilheim, made the first attempt in that district to smelt iron ore 
with coke. This proved to be quite successful. He established an 
iron foundry of his own in 1859, which he expanded considerably 
during the next forty years of his life. 
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Fuel Conservation in Brass and Iron Foundries. F. Hudson and 
A. E. McRae Smith. (Institute of British Foundrymen : Foundry 
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Trade Journal, 1942, vol. 68, Nov. 5, pp. 209-214). The authors 
make recommendations for fuel economy in brass and iron foundries. 
The following general recommendations are made: (a) The amount 
of any individual melt should be as large as possible. (b) The bed 
should be made incandescent as soon as possible and, on completion 
of charging, a long period should be allowed for soaking the charges 
to ensure maximum preheating of the initial metal. (c) During 
melting, the cupola should be kept full to the level of the charging 
door. (d) All coke and metal charges should be accurately weighed. 
(e) Adequate steps should be taken to recover as much of the residual 
bed coke as possible after each blow. (f) Excessive poking of the 
tuyéres to free them from frozen slag should be discouraged. Some 
suggestions for economical mould and core drying are also made. 

Cupola Practice with Briquettes. W.A. Hambley and K. Geist. 
(Iron Age, 1942, vol. 150, Aug. 27, pp. 39-42; Sept. 3, pp. 61-63). 
The authors give an account of the manufacture of briquettes from 
cast-iron borings and steel turnings and their use in the cupola at the 
foundry of the Allis-Chalmers Manufacturing Co., Milwaukee. In 
the foundry machine shops 600 tons of borings and over 1000 tons 
of steel turnings are available per month. A variety of cast irons is 
used, but the borings are all mixed, and the average analysis remains 
fairly constant at silicon 1-75% and carbon 3-:30%. The steel chips 
and turnings are kept separate in 13 classes of alloy steel which are 
sold to other users. The chips of unalloyed steel are divided into 
two classes, the heavy and the light. The dust is removed from the 
cast-iron borings before briquetting ; these briquettes are 43 in. in 
dia. and 334 in. high; they weigh 9-12 lb. each and have a density 
of 85-87% of that of solid cast iron of the same size. There are two 
briquetting presses each capable of producing 70-75 tons of cast- 
iron briquettes in 24 hr. Smaller dies are used for pressing steel 
turnings, and these briquettes have a density of 67-72% of that of 
a jee of equal size. The output for steel is 38-40 tons per press 
in 24 hr. 

A wide variety of iron is made at this foundry, and the cupola 
charges may contain anything from 10% to 85% of briquettes. 
The operators prefer this to any other form of scrap because of the 
uniformity of the iron tapped. The first four or five charges on the 
bed contain no briquettes in order to reduce the smoke nuisance 
caused by the oil which they contain. The oil in the briquettes does 
not affect the analysis of the product, and the proportion of rejects 
has not increased since the charging of briquettes was commenced. 
The cupola practice using briquettes for making various types of 
iron is described. 

Develops Cupola Mixing Spout. W. A. O’Brien. (Foundry, 
1942, vol. 70, Sept., pp. 104, 107). The author describes a special 
type of spout which facilitates the addition and mixing of alloying 
elements, desulphurising agents or other additions, with molten 
cast iron as it leaves the cupola and before it enters the ladle. The 
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spout is designed with a number of baffles and turns, the object of 
which is to fold over the stream of iron on itself. The addition 
agents fall in a steady stream on to the metal at the cupola end of the 
spout, and the folding action described ensures intimate mixing. 
Thermal History of Cast Iron. M. Fielden. (Iron and Steel, 
1942, vol. 16, Oct., pp. 2-4). The author discusses factors affecting 
the cupola process. Experience has shown that the shallow coke 
charges previously recommended are not only unnecessary, but are 
also less satisfactory than relatively deep charges. A theoretical 
depth of 8-10 in., or even more, is now considered to provide a 
better massing of fuel and, consequently, a greater thermal 
intensity in the average conditions existing across the area of the 
melting zone, than is obtained with small charges. Based on data 
collected from the results of continuous tapping operations which 
apply in general to the production of repetition castings, it can be 
stated that with coke of 88-90% fixed carbon value, the combustion 
rates which provide the most satisfactory performance range between 
160 and 200 lb. per sq. ft. of melting zone area per hour. The higher 
rate is limited where unusually economical practice is found com- 
patible with hot iron, as applies to cupolas with certain refinements. 
Where it is necessary to have tuyéres in more than one plane, the 
total area of the upper tuyéres should not exceed about 20% of the 
total tuyére area. In general, castings should be poured as hot as 
the conditions permit, and the characteristics of moulding or facing 
sand should be adapted to the pouring temperature. Cupola slags 
to be effective must carry a lime content in excess of the silica to be 
fluxed., The viscosity of a slag at the temperature existing in normal 
practice is of greater importance than the melting point. It is 
essential to good practice that greater care in regard to weight of 
fuxes should be taken than is generally the case. The coke-con- 
suming reaction represented by the calcination of limestone to lime 
is, in a narrow economic sense, on the debit side, but the final 
results as expressed by the casting properties of the iron and the 
clean condition of the metal more than balance the cost factor. 
Malleable Foundry Keeps ’Em Rolling. P. Dwyer. (Foundry, 
1942, vol. 70, Sept., pp. 84-86, 161-163). The author gives a 
description of the plant and processes at the foundry of the Malle- 
able Iron Fittings Co., Branford, Connecticut. This company was 
founded in 1864, and the present annual output is 5000 tons of steel 
castings and 9500 tons of malleable iron castings. A very modern 
conveyor system is installed ; four trains each with eighteen plates 
or mould-holders and one small electric locomotive carry the 
moulds; this arrangement permits the train to halt temporarily at 
the moulding station, the pouring station and in the cooling tunnel. 
There are two elliptical tracks with two trains on each, and each 
train makes 88 circuits per day. The entire cycle is controlled 
automatically and, if necessary, the speed may be set in advance to 
meet variation in the mould production unit. The melting equip- 
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ment consists of two 42-in.-dia. cupolas, and a 16-ton air furnace 
fired with pulverised coal. The cupolas are operated on alternate 
days, and supply the metal to the air furnace where it is refined and 
held at 2800° F. Iron is tapped intermittently from the air furnace 
and flows into 250-lb. ladles suspended from monorails leading to the 
pouring stations. 
Steel Castings by the Triplex Method. A.W. Gregg. (Iron Age, 
1942, vol. 149, May 7, pp. 61-63). The author gives a brief de- 
scription of a method of producing low-carbon steel for castings ; 
this involves a combination of the cupola, side-blown converter and 
electric furnace. The cupola charge usually consists of steel scrap 
plus silicon-bearing material such as 50% ferro-silicon, silicon 
briquettes or silvery pig iron. The cupola metal is desulphurised 
in the ladle before blowing. Ordinarily the steel is deoxidised and 
recarburised by additions of cupola metal, ferro-manganese, ferro- 
silicon and aluminium before it is delivered to the electric furnace ; 
the latter then acts as a heated distributing unit, and the power 
consumption is very low. Another method is to dephosphorise the 
steel from the converter in the ladle by treatment with a combina- 
tion of lime, fluorspar and mill-scale ; the metal is then in a highly 
oxidised condition, and requires deoxidising in the electric furnace. 
The above method of dephosphorising is that described by G. M. 
Yocom (see Journ. I. and 8.1., 1941, No. I., p. 152 4). A system of 
continuous casting for steel foundries is also briefly described. 
Mechanical Handling in Foundry Practice. D. C. Paterson. 
(Institute of British Foundrymen: Foundry Trade Journal, 1942, 
vol. 68, Nov. 12, pp. 231-236; Nov. 19, pp. 255-260). The author 
reviews present foundry practice from the standpoint of the mechani- 
cal handling engineer. A foundry offers scope for almost every 
form of lifting and moving plant, and there is every opportunity for 
ingenuity of design. The handling of the raw materials, metals, 
coke and sand is dealt with ; under sand handling the movement of 
mould boxes to the shake-out equipment and of the sand from there 
to the reconditioning plant and storage hoppers is described, with 
illustrations and diagrams of many types of equipment and layout. 
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Development of Western Iron and Steel Industry. J.R. Mahoney. 
(Steel, 1942, vol. 111, Sept. 21, pp. 79-84, 100-104). The author 
compares the geographical situation in relation to raw materials 
and markets of the existing and contemplated iron and steel plants 
in Utah with that of other steel-producing districts of the United 
States. It is planned to build an integrated coke-oven and iron and 


PRODUCTION OF STEEL. 474 


steel plant at Geneva in Utah which will bring the total pig-iron 
production for this State up to 2,000,000 tons per annum and the 
open-hearth steel capacity up to 1,098,000 tons per annum. It is 
considered that the present demands and the post-war prospects 
provide ample justification for this increase in productive capacity. 

Iron and Steel in Nazi Germany. (Engineer, 1942, vol. 174, Oct. 
23, pp. 342-344). A review of the development of the iron and steel 
' industry of Germany in relation to war economy is presented. 
Although opposed by most industrialists on sound technical and 
financial grounds, the Hermann Géring Works has grown from 
comparatively modest beginnings into a position unequalled by any 
other industrial trust in modern European history. There was a 
unique chance for Germany to reconsider her iron-ore policy after 
the conquest of France and the Low Countries in 1940, but no plan 
was made to exploit the minette ores of Luxembourg or the Lorraine 
ores. In June 1942 a new compulsory organisation was formed with 
large powers for directing the production and distribution of iron 
and steel; this huge vertical cartel tries to carry rationalisation still 
further than before. A gigantic scrap collection campaign has been 
carried through in July-September 1942 under the auspices of the 
Reich Minister for Economic Affairs. Owing to her territorial gains 
and economic agreements with Finland and Turkey, it is not likely 
that the production of high-grade steel will ever be made impossible 
in Germany through lack of alloying elements. 

Modern Methods of Producing Plate Glass and a Comparison with 
Steel Production. H. Jebson-Marwedel. (Stahl und Eisen, 1942, 
vol. 62, Oct. 8, pp. 858-863). After describing two modern methods 
of manufacturing plate glass, the author presents and discusses data 
relative to the size, capacity, melting time, heat consumption and 
refractory brick consumption of glass furnaces and open-hearth 
steel furnaces. 

Heating Open-Hearths with Coke-Oven Gas. HK. Gnida. (Iron 
and Coal Trades Review, 1942, vol. 145, Nov. 13, pp. 1141-1142). 
An abridged English translation is presented of the author’s report 
on the first campaign of a 50-ton open-hearth furnace fired with 
coke-oven gas (see Journ. I. and S.I., 1942, No. II., p. 207 4). ; 

The Basic Open-Hearth Process To-day. Part Ml. Melting 
Practice. W. Geary. (Metallurgia, 1942, vol. 26, Oct., pp. 213- 
218). Continuation of a series of articles (see p. 10.4). The author 
points out that the idea that an open-hearth furnace can be worked 
at will as an oxidising or reducing apparatus is false ; the true position 
is that oxidation can be subjected to a certain, amount of control, 
but it cannot be stopped. It is not now generally considered that 
the oxygen content of the bath corresponds to equilibrium in the 
partition of oxides between metal and slag ; the normal slag has an 
excess of FeO, forming as it were a “ head ” which supplies oxygen 
to the reaction zone assisted by the stirring action of the boil. Slag 
control by controlling the charge and the additions, deoxidation 
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practice and cleanliness, the production of rimming steel, control of 
grain size and the making of low-alloy steels in the basic open- 
hearth are dealt with in turn, and in conclusion brief reference is 
made to the Perrin process (see Journ. I. and S. I., 1940, Nowe 
. 35 P). 

The Manufacture of High-Quality Low-Cost Steel. P. J. Mc- 
Kimm. (Steel, 1942, vol. 111, Sept. 28, pp. 68-72; Oct. 5, pp. 130-— 
132, 277-280). Conclusion of a series of articles (see Journ. I. and 
S.1., 1942, No. II., p. 207 a). The author discusses factors affecting 
the heterogeneity of steel ingots and methods of improving steel 
quality. When solidification begins and the rimming action is 
most vigorous, about 80% of the gas evolved consists of carbon 
monoxide. The proportion of hydrogen is small at first, but it 
increases as the rimming action subsides. The proportion of nitro- 
gen decreases rapidly. Hydrogen and nitrogen migrate towards 
the ingot wall. 

The distribution of sulphur and phosphorus in slab ingots of 
different thickness has been examined in ingots measuring 16 x 48, 
20 x 48, 24 x 48, 32 x 48 and 17 x 17 in. A wide variation in 
analysis at the top of the ingots was noted, and ingots 24 in. thick 
were recommended for rolling in wide strip mills. With still 
heavier ingots the best results with regard to segregation, slab yield 
and uniform ultimate quality were secured with 32 x 48 in. ingots. 
When killed steel was teemed into moulds with a green wooden 
block placed on the mould stool, the effect was to close up the pipe 
at the top and to promote secondary pipe lower down in the ingot. 
Puddling the top of a rimming-steel ingot with green saplings had 
little effect, but with killed steel it was beneficial in reducing the 
amount of pipe. The use of green poles was most advantageous in 
the risers for steel castings, especially when casting mill-rolls. 
Tests with 3-in.-thick cast-iron caps and caps of sheet-bar crops on 
rimming-steel ingots showed that the latter improve the sulphur 
segregation. The effect of insulating an ingot mould by encasing 
it in foundry sand and covering the top with asbestos after teeming 
was examined; the steel had a ladle analysis of carbon 0-08%, 
manganese 0-32% and sulphur 0-028%, but in the ingot the carbon 
varied between 0-04% and 0-09% and the sulphur between 0-018% 
and 0-068%, which greatly exceeded the variation in an ingot of the 
same steel cast in an uninsulated mould. Inserting long sheet- 
metal strips 76 in. x 18 in. x 12 gauge in a mould before teeming 
did not improve the segregation or promote better quality. 

A method of producing sound ingots is that of jarring or shaking 
the moulds while the ingot is being poured and until solidification 
commences. The technique developed at several works is that by 
which several car-loads of ingots can be jarred by raising and lower- 
ing them 3} in. 120 times per min., and it was found beneficial to 
increase the time for the downward movement from 0-05 sec. to 
0-17 sec. It is claimed that jarred ingots have a thick skin, less 
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chemical segregation and a far greater yield than normally-poured 
ingots, but more conclusive evidence of this is awaited. 

Distribution of Manganese and of Sulphur between Slag and 
Metal in the Open-Hearth Furnace. L.S. Darken and B. M. Larsen. 
(American Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 1481: Metals Technology, 1942, vol. 9, Aug.). 
In this treatise, which is mainly mathematical, the authors show how 
to determine the distribution of manganese and sulphur between 
metal and slag in the basic open-hearth furnace over a wide range of 
slag composition. The distribution ratio at equilibrium depends on 
concentration factors that are directly determinable from the chemi- 
cal analysis of the slag and metal. The following conclusions are 
drawn respecting the conservation of manganese and the removal of 
sulphur: (1) The retention of manganese in the steel is favoured 
by a high concentration in the slag of MnO relative to FeO; (2) 
the optimum slag composition for the maximum retention of 
manganese in the steel is one corresponding to an effective lime/silica 
ratio of between 2:3 and 2-5; (3) a high ratio of sulphur in the slag 
to that in the metal is favoured by (a) a high concentration of free 
CaO and MnO in solution in the slag, (b) a low concentration of FeO 
in the slag, and (c) a low concentration of SiO, and P,O, in the slag 
which will reduce to a minimum the number of large silicate and 
phosphate compound molecules present in the liquid slag; (4) a 
small slag volume assists in the retention of manganese in the metal 
but is only consistent with good sulphur retention in the slag up to 
a certain point, in so far as it can be promoted by a low-silicon high- 
manganese charge; if, however, still better sulphur elimination is 
required, or if the charge is high in silicon, more lime must be added, 
with a consequent increase in slag volume, which in turn causes a 
decrease in manganese recovery; (5) in the metal, substantially all 
the sulphur can be regarded as being present as FeS, and less than 
5% as MnS; (6) lime present in the slag in excess of that required 
to form 2Ca0.SiO, is available for the compound 3CaO.Si0, ; the 
latter dissociates much more than the former however ; (7) in slags 
with a lime/silica ratio of less than 2-0, both MnO and FeO replace 
2Ca0.SiO, to some extent, MnO being somewhat more active in this 
respect; and (8) calcium sulphate and calcium ferrite, which are 
continuously formed to some extent at the upper slag surface, appear 
to be dissociated to a much greater degree at the slag-metal inter- 
face; thus, these act as oxygen carriers downward through the 
slag. 
Contimaation of the Investigations of the Acid Open-Hearth 
Process. Bo Kalling and N. Rudberg. (Jernkontorets Annaler, 
1941, vol. 125, No. 7, pp. 283-325). (In Swedish). The authors 
report on further investigations of the acid open-hearth process in 
which the effects of working at a comparatively low temperature, 
and of the deoxidation and tapping conditions were studied. (See 
Journ. I. and §.I., 1937, No. II., p. 67 4, for a report on the earlier 
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investigations). The results indicated that the product [C] x [O] 
will be nearer to equilibrium the higher the temperature, and the 
oxygen content of the steel bath may be considerably increased 
when the temperature is so low that the reduction of silicon is 
retarded. Examination with the microscope revealed that there 
were not many inclusions in the steel bath before the deoxidation, 
at least in normally worked (not too cold) heats. This seems to be 
the case also after deoxidising high-carbon heats. In low-carbon 
heats, on the other hand, where the oxygen content is comparatively 
high, a precipitation of silicate inclusions seems to take place as 
soon as silicon is added. From a quality point of view it does not 
appear to matter whether the additions of silicon and manganese are 
made in the form of ferro-manganese, ferro-silicon or silico-manganese, 
nor in which order the addition of the two elements is made. A 
momentary precipitation of silica or silicates will of course take 
place when silicon or manganese is added and the concentration is 
raised locally over a certain limit, but such precipitations are 
immediately dissolved as soon as the homogeneity of the bath is 
restored. When the steel is tapped into the ladle and moulds, the 
stream is exposed to the influence of the air, which causes, among 
other things, a marked increase in the nitrogen content of the steel. 
It may appear strange that the oxygen content is not simultaneously 
increased ; in high-carbon steel, however, it is the carbon which is 
primarily oxidised, whereas the silicon and manganese are protected 
from oxidation. Thus, the main product of oxidation during 
teeming is carbon monoxide, which escapes to atmosphere. If, on 
the other hand, the carbon content is low, other alloying elements 
will be oxidised first, and these will form oxides which remain in the 
steel ; a considerable increase in the oxygen content of the steel will 
therefore occur during the tapping operation. The addition of lime 
to the slag in the bath had no detrimental effect on the refining pro- 
cess, the analysis of the steel or the number of inclusions. 

An Evaluation of Factors Affecting Iron Oxide in Open-Hearth 
Liquid Steel. J. E. Gould and H. J. Hand. (American Institute 
_ of Mining and Metallurgical Engineers, Technical Publication No. 
1442: Metals Technology, 1942, vol. 9, Aug.). In order to evaluate 
the iron-oxide content of an open-hearth steel bath so that the most 
desirable level of oxidation can be obtained, and to secure precise 
information on which to base the final deoxidation, a new method, 
described in this paper, has been worked out at the National Tube 
Company’s plant. Simultaneous slag and metal tests were made, 
and the separate and combined effects of a number of factors 
influencing the iron-oxide content were evaluated by statistical 
methods; these factors were the contents of carbon, manganese, 
(MnO), (FeO), (Fe,0,), the temperature and the R value for the slag. 
R= %CaO ~ (Y%SiO, + 0-634%P,0;). The results are given in 
tables and several series of curves. It was found that carbon is the 
predominating factor and the total iron in the slag is next in import- . 
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ance ; the temperature, basicity of the slag, and residual manganese 
are statistically important, but their actual effect is not very great. 
The factors examined were found to account for 90% of the variation 
in the iron-oxide content of the metal. 

The Process for the Refining of Pig Iron in the Electric Steel 
Furnace. E. Berg. (Jernkontorets Annaler, 1941, vol. 125, No. 8, 
pp. 423-435). (In Swedish). The author describes three methods 
_ of producing high-quality steel in a Héroult basic electric furnace as 
practised at the Wikmanshytta in Sweden. These methods are’: 
(1) Using a charge with about 70% of molten pig iron ; (2) charging 
with alternate layers of cold pig (85% of charge) and steel scrap 
(20% of charge) with a weighed amount of dry slig (a concentrate 
containing 68% of iron) and some limestone ; above this more cold 
pig (35% of the charge) in granulated form is charged; and (3) 
when no granulated iron is available, charging with 60% of the cold 
pig first, melting this down and superheating to about 1350° C. and 
tapping off into a ladle; the furnace is then recharged with the 
remaining cold pig, the scrap and slig, and the iron in the ladle is 
later poured back into the furnace. In each method the total 
charge is about 10 tons, of which 70% is pig iron. The charge is 
worked with two slags, the first, an oxidising slag, being tapped off, 
and. a second reducing slag being worked up before final tapping. 
Tables of typical charging data are presented, together with curves 
showing the carbon drop as the refining proceeds. 

The Manufacture of Tool Steel in the United States. H.Nathorst. 
(Jernkontorets Annaler, 1941, vol. 125, No. 12, pp. 653-694). (In 
Swedish). In the winter of 1938 the author visited some of the steel- 
works in the United States which make special steels, tool steels in 
particular. In this paper he reviews the methods of production, 
including details of charges, temperature measurement, tapping 
and ingot moulds, and describes the forms of heat treatment and 
methods of testing. 

Control Method for Electric Arc Furnaces. T. B. Montgomery. 
(Steel, 1942, vol. 111, Sept. 14, pp. 145-150, 174). The author 
discusses the theory of current fluctuations in the operation of an 
electric arc furnace. In melting down a fresh charge of scrap metal 
the current must traverse a long path of loose heterogeneous 
material between the electrodes, as well as the vaporous arc stream ; 
under such conditions the resistance will fluctuate wildly. In some 
cases current surges occur as rapidly as every six cycles on a 60-cycle 
system. No mechanical system can follow such violent irregularities, 
so that what is required is a control system with a time rate of 
response which follows average conditions. A control system to 
meet these requirements is described. 

Increasing Steel Production. J. Winning. (Mechanical World 
and Engineering Record, 1942, vol. 112, Oct. 30, p. 407). A brief 
review of some methods of increasing the production of electric steel 
furnaces is presented. Reference is made to a method of teeming 
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ingots which is being developed at a new steelworks in Brazil. It is 
called “impact casting’; the principle of the method is to super- 
cool the steel by allowing it to pass between two large rollers placed 
between the ladle and the head of the ingot mould. 

What is the Effective Time and the Idle Time of Your Travelling 
Crane? W. Abhoh. (Stahl und Eisen, 1942, vol. 62, Oct. 8, pp. 
867-868). The author describes how to make a study of the working 
and idle times of steelworks cranes used for handling ingots. 

Steel Mill Lighting in Wartime. J. P. Ditchman. (Iron and 
Steel Engineer, 1942, vol. 19, Sept., pp. 128-133). The author 
makes recommendations as to the type, power, number and position 
of electric lamps in steelworks buildings and for the illumination of 
boundary fences. 
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Drop Hammer Forming of Aircraft Parts. C. H. Miller and 
R. B. Stubbs. (Iron Age, 1942, vol. 150, Aug. 27, pp. 59-62). 
The authors describe and illustrate some of the drop-hammer forging 
machines used by the Bell Aircraft Corporation, Buffalo, for manu- 
facturing aircraft parts, in particular instrument panels and door- 
frames. 

Building Hammers at Chambersburg. A. F. Macconochie. 
(Steel, 1942, vol. 111, Sept. 11, pp. 112-116, 182, 183). The author 
discusses points in the design and construction of heavy steam- 
hammers as practised by the Chambersburg Engineering Co. in the 
United States. Reasons for and against designing a hammer in 
which the head and the anvil move towards each other are given. 
The methods of aligning and fixing of the piston rod in the head are 
described. 

Backing-Up Rolls. J. A. Succop. (Iron and Steel Engineer, 
1942, vol. 19, Sept., pp. 42-47). The author describes how backing- 
up rolls for rolling strip are made. These rolls are frequently of 
composite construction, consisting of a sleeve shrunk on to an 
arbor. The arbor may be made by turning down a worn solid roll 
or from a new forging. To make the sleeve, an ingot of electric- 
furnace or acid open-hearth steel is rolled into a billet ; the required 
weight is cut off, upset-forged, hot-punched and forged on a 
mandrel ; it is given careful heat treatment both before and after 
rough-turning ; the sleeve is then shrunk on the arbor, and final 
turning is completed on the composite roll. It is usual to express 
the life of a roll in terms of the tonnage rolled, but this does not 
take into account the stand in which the roll is used, for the stands 
in a mill produce different degrees of reduction; it is therefore 
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suggested that the unit for comparing the lives of rolls should be the 
roll circumference in feet per ton of steel produced. 

Bolts—Material, Heat Treatment and Physical Properties. A. S. 
Jameson. (Iron Age, 1942, vol. 149, May 7, pp. 57-60; May 14, 
pp. 52-57, 129). The author discusses the properties of low-carbon, 
medium-carbon and alloy steel bolt material. The limitation 
placed on using wire-drawing as a means of increasing bolt strength 
is that sufficient plasticity must be retained in the rod so that it can 
be used in the cold-heading operation, with the result that, in prac- 
tice, only one draft can be employed. After cold-heading, low- 
carbon steel bolts are given a process anneal to return some degree 
of plasticity to the cold-worked head ; this anneal also reduces the 
tensile strength of the threaded portion to some extent. To main- 
tain a good die life when heading medium-carbon (0-30-0-45%) 
cold-drawn steel wire, the wire is treated before drawing by anneal- 
ing at above or below the critical range; the former produces a 
pearlitic structure and the latter a spheroidised structure; the 
spheroidised structure has superior heading properties. The 
analyses and strength properties of bolts of a wide variety of steels 
are given in numerous tables and diagrams. 

The Origin of Wire Drawing Dies. P. Grodzinski. (Wire and 
Wire Products, 1942, vol. 17, Aug., pp. 401-402). The author refers 
to an earlier paper by K. B. Lewis on the history of wire drawing 
(see Journ. I. and S.I., 1942, No. II., p. 13 4) and makes his own 
contribution on this subject. In the present author’s opinion the 
drilling of stones to make drawing dies preceded the use of drilled 
stones for watch bearings. 
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Motor Applications and Power Requirements for Strip Processing 
Lines. H. W. Poole. (Iron and Steel Engineer, 1942, vol. 19, 
Sept., pp. 33-40). The author presents and discusses data on, the 
current input to motors driving auxiliary strip-rolling machinery 
such as side trimmers, levellers, leveller-shears, uncoilers with and 
without tension, pinch rolls and tension reels. 

Engineering for Increased Production in the Steel Industry. 
R. H. Wright. (Iron and Steel Engineer, 1942, vol. 19, Sept., pp- 
123-127). Some examples are given of alterations which have 
been made to rolling-mill motors and other rolling-mill equipment 
with the object of increasing output. ’ 

Systematic Inspection and Maintenance of Steel Plant Electrical 
Equipment. W. A. Perry. (Iron and Steel Engineer, 1942, vol. 19, 
Sept., pp. 113-120). The author gives a description of the system of 
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regular inspection and maintenance work which has been developed 
by the electrical department of the Inland Steel Co., East Chicago. 
This system has resulted in much lower repair costs and fewer 
interruptions to the rolling-mill production. 

Maintenance of Electrical Equipment in Steel Plants. M. J. 
Wohlgemuth. (Steel, 1942, vol. 111, Sept. 14, pp. 153-156, 181). 
Some practical recommendations on the cleaning, lubrication and 
general maintenance of electrical equipment in steel plants, especially 
rolling mills, are made. 

Roll Pressures in Rolling Steel Strip. J. D. Keller. (Steel, 
1942, vol. 111, Sept. 14, pp. 160-166, 198). The author explains 
W. Trinks’ method of calculating roll pressures in the cold-rolling 
of strip (see Journ. I. and §.I., 1937, No. I., p. 225 a). The proper 
use of the method is illustrated by working out examples from prac- 
tice and comparing the calculated pressures with the pressures 
actually measured. 

Roll More Tons. II. Tee Calibrations. A. Lendl. (Iron and 
Steel, 1942, vol. 16; Oct., pp. 5-9, 14). In the third of this series of 
articles (see p. 14 4) the author shows that the lateral spread of the 
material can also be calculated in the case of calibrations of T 
sections, thus providing the roll-pass designer with the means of 
laying-out the grooves of his calibrations with the greatest accuracy. 

Novel Cold Reducing Mill. W. A. Phair. (Iron Age, 1942, vol. 
149, May 7, pp. 76-77). The author describes the “ Simons ”’ mill 
for the cold-reduction of steel strip. This mill consists of a 4-high 
stand with steel working rolls 14 in. in dia. and cast-iron backing rolls 
8 in. in dia. The novel feature of the mill is that the upper and 
lower pair of rolls are given a reciprocating motion of 3 in. in opposite 
directions and transverse to the rolling direction. The backing rolls 
are driven by a 35-h.p. motor, and the work-rolls by the friction 
from the former. The strip is pulled through the rolls at 500-600 
ft. per min.—a speed which is greater than the surface speed of the 
working rolls—the strip is thus drawn as well as rolled. The small 
diameter of the working rolls makes the entrance angle for the strip 
a large one, and the strip is not hardened as much as it would be by 
rolls of greater diameter. It is therefore possible to make larger 
reductions in each pass and a very large total reduction in the strip 
thickness without intermediate annealing. 


PYROMETRY 


The Calibration of the Platinum /18°/-Rhodium-—Platinum Thermo- 
couple over the Liquid Steel Temperature Range. C. R. Barber. 
(Iron and Steel Institute, 1948, this Journal, Section I.). The 
quick-immersion technique for determining the temperature of 
liquid steel is now so well established that an accurate calibration 
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of the thermocouples is clearly desirable. A full description of the 
apparatus and technique for this calibration has been published 
elsewhere (see next abstract). In this paper the author describes 
how the e.m.f.’s of eight platinum/13°%-rhodium—platinum thermo- 
couples were measured at the melting points of gold, palladium and 
platinum by the wire method. On the basis of these determinations 
and the existing e.m.f./temperature relation up to 1550° C., a 
reference table for the platinum/13°%-rhodium—platinum thermo- 


_ couple covering the range 1400° to 1770° C. was computed. It is 


estimated that the accuracy of the calibration in terms of the 
International Temperature Scale is + 3° C. up to 1600° C. and 
-- 5° C. beyond this temperature. 

__ The Technique of Calibrating Platinum Thermocouples for Use in 
Liquid Steel. (London, 1942: H. M. Stationery Office). A 
description is given of the technique employed at the National 
Physical Laboratory for checking and calibrating the platinum /plati- 
num-—rhodium thermocouples in the ‘‘ Schofield quick-immersion ”’ 
method of measuring the temperature of liquid steel (see Journ. 
I. and §8.1., 1942, No. I., p. 222 P). 
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Accurate Dew Point Indication for Atmospheres of Heat-Treating 
Furnaces. P. R. Kalischer. (Steel, 1942, vol. 111, Sept. 14, pp. 
110-111). The author describes an electrical instrument through 
which a continuous stream of hydrogen for heat-treatment furnaces 
can be passed. Its purpose is to give accurate indications of the 

amounts of moisture and oxygen which may be present. 

Heat-Treatment Response in Certain Non-Alloy Steels. B. 
Thomas. (Metallurgia, 1942, vol. 26, Oct., pp. 199-201). The 
author discusses how the properties of heat-treated high-carbon 
steels may vary when the other elements, particularly manganese, 
fluctuate. The results of tests on five types of steel containing 
0-50-0:53% of carbon with 0-51%, 0-60%, 0-72%, 0-80% and 0:92% 
of manganese respectively, showed that, while it is usual to expect, 
and possible to obtain, increased tensile strengths with rising man- 
ganese contents, no appreciable difference was observed with these 
steels when in the normalised state. On quenching, some difference 
was apparent, and this was more marked after tempering. Of 
course sulphur has a greater affinity for manganese than for iron, 
and some manganese is thus taken up which otherwise would be of 
assistance in widening the hysteresis on quenching. The author 
suggests the following method of arriving at a scale of hardening 
values for a series of steels: Multiply the sulphur content by 10; 
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deduct the product from the manganese content, and add one-third 
of this difference to the carbon content. Applying this method to 
the five steels investigated it was found that the increase in tensile 
strength with increasing manganese was fairly accurately represented 
by the rise in these hardening values. 

The Hardening and Tempering of Steel Direct from the Heat of 
Rolling. R. Schafer and W. Drechsler. (Stahl und Eisen, 1942, 
vol. 62, Sept. 24, pp. 809-813). The authors refer to their earlier 
paper on the hardening of low-alloy steels by cooling slowly to the 
A, point, and then rapidly quenching (see Journ. I. and S.1., 1942, 
No. II., p. 214 4), and report on some tests undertaken to ascertain 
whether it was economically possible to harden rolled steels in this 
way direct from the heat of rolling. Unalloyed and alloyed steel, 
billets 160 x 125 mm. were rolled down to 60-mm.-dia. round bars 
which were divided into three lots on leaving the last pass. One lot 
was immediately quenched in water; the second lot was put in a 
furnace for 30 min. to soak at 730-760° C. and then quenched in 
water ; the third lot was allowed to cool in air and was then hardened 
in the ordinary manner by heating and quenching. Hardness, 
tensile and impact tests were made on specimens, and the results are 
compared in tables; micrographs of the structure are also shown. 
It was found that it was quite feasible to utilise the rolling heat for 
carrying out the above form of heat treatment. The temperature 
at the first pass must be selected to suit the composition of the steel 
and the number of passes. For vanadium steels the temperature at 
the last pass should be in the 880—730° C. range ; for vanadium-free 
steels it should be 860—760° C. 

Special Phenomena in Connection with the Scaling of Heat- 
Resistant Steels and Alloys. G. Bandel. (Iron and Steel Institute, 
Translation Series, 1942, No. 116). An English translation is 
presented of the author’s paper which appeared in Archiv fiir das 
Kisenhiittenwesen, 1941, vol. 15, Dec., pp. 271-283. In this paper 
the properties of two types of scale and the conditions promoting 
their formation on steel are discussed. (See Journ. I. and §.1., 1942, 
Noo TG pat'7-4): 
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Building-Up and Hardfacing in Mill Maintenance. S. D. Baumer. 
(Steel, 1942, vol. 111, Sept. 14, pp. 170-172; Sept 21, pp. 70-72). 
Some examples of the repair and maintenance of rolling-mill 
machinery and equipment by hard-facing with the oxy-acetylene 
torch or by electric welding are described and illustrated. 

Proposed Specifications for Stainless Steel Arc-Welding Electrodes 
for Welding Steels of High Hardenability. (Welding Journal, 1942, 
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vol. 21, Aug., pp. 513-514). A proposed specification prepared by 
the Filler Metal Specifications Committee of the American Welding 
Society for three types of stainless steel electrodes for welding low- 
alloy steels is published. Two of the types are 18/8 steels, one with 
2-5% of manganese and the other 14% of molybdenum; the 
third is a 24/19 chromium-nickel steel. 

The Effect of Sodium and Potassium Silicates on the Properties 
of Weld Metal. G. Haim and D. McAllister. (Transactions of the 
Institute of Welding, 1942, vol. 5, July, pp. 1383-135). The authors 
report on their investigation of the effects of sodium and potassium 
silicates in the flux coatings on welding electrodes on the properties 
of the metal deposited. The tests were carried out with five different 
types of silicate solutions and their mixtures using titanium-base 
coatings. Sodium silicate as a binder in these coatings caused a 
higher are voltage and more splutter then potassium silicate. The 
metal deposited with sodium silicate in the coating has a lower tensile 
strength and greater elongation than when potassium silicate is used. 
The carbon and silicon contents of the weld metal are not appreciably 
influenced by the binder. A relationship between the type and grade 
of binder and the manganese recovery could not be established owing 
to the wide variations in the manganese content of the weld metal. 

The Oxy-Acetylene Treatment of Metals in the Repair Depart- 
ment of the Swiss State Railways. R. Weyermann. (Autogene 
Metallbearbeitung, 1942, vol. 35, Mar. 15, pp. 77-84). The author 
gives an account, with numerous illustrated examples, of repair 
work carried out with the oxy-acetylene torch in the repair shops of 
the Swiss State Railways. , 

The Effect of Notches and Internal Stresses on the Fatigue Strength 
of Welded Joints. A. Thum and A. Erker. (Autogene Metall- 
bearbeitung, 1942, vol. 35, Feb. 15, pp. 49-56). The authors 
describe visible and invisible notches which sometimes occur on the 
surface of welds at the junction of the weld metal and the parent 
metal, often due to using too high a current for welding. They also 
describe an investigation of the effect of these notches and of internal 
stresses on the fatigue strength of the joint. As a rule too much 
apprehension exists about the effect of internal stresses. In mild 
steels the reduction in fatigue strength which they cause 1s about 
10-15%. In high-tensile steels it is more than this, and for a weld 
subjected also to external stress the reduction may exceed 30%. 
Internal stresses are dangerous only when it is necessary to weld 
while the structure is subjected to external stress. This difficulty 
may be overcome by designing the structure with some elasticity. 
Multiple tube joints with several welds in one place should be avoided, 
or a stress concentration may be prevented at such places by apply- 
ing heat at another spot so as to create compression stresses at the 
joint while welding is in progress. 

The Arc Welding of Alloy Steels. ©. P. Keogh. (Australian 
Institute of Metals, Australasian Engineer, 1942, vol, 42, Aug. 7, 


58 A PROPERTIES AND TESTS. 


pp. 15-16, 45-47). The author discusses the theory and practice 
of the electric welding of alloy steels with special reference to the 
effect of the elements carbon, nitrogen, oxygen, manganese, sulphur, 
silicon, phosphorus, nickel and chromium on the heat-affected zone 
and on the weld metal. The conditions under which previous or 
subsequent heat treatment are required are also dealt with. 

Welding Chromium Steels. Part I. Low-Alloy High-Strength 
Chromium Steels (Cr <1%). W. Spraragen and H. H. Chiswik. 
(Welding Journal, 1942, vol. 21, Aug., pp. 353-S-384-S). The 
authors present a review of the literature from July 1937 to January 
1941 on the welding of low-alloy steels containing up to 1% of 
chromium. 

Welding Stainless Steel Sheets. A. J. T. Eyles. (Sheet Metal 
Industries, 1942, vol. 16, Oct., pp. 1553-1556, 1558). The author 
describes the techniques for oxy-acetylene and electric welding of 
stainless steel sheet. 

Spirally Brazed Tubing. W. A. Phair. (Iron Age, 1942, vol. 
150, Sept. 17, pp. 55-57). The author describes a method of making 
steel tubing of small diameter which has been developed by the Aga 
Metal Tube Co. of Elizabeth, N.J. The raw material is cold-rolled 
steel strip from 0-008 to 0-042 in. thick. This is first fed through a 
broaching machine in which both edges are bevelled. The reel of 
bevelled strip is then transferred to a spiralling unit which winds it 
into a helical tube. This tubing is fed through a high-frequency 
induction brazing furnace in which the spiral seam is brazed in a 
protective atmosphere. On leaving the furnace the tubing is red 
hot, and it passes next into a cooling chamber, within which there is 
a tension device the object of which is to apply pressure on the 
brazed seam while the joint is still plastic. The final operations are 
those of cutting off in the required length and testing. ~ 

Abrasive Cut-Off Wheels—Where and How to Use Them. F. A. 
Upper. (Iron Age, 1942, vol. 150, Sept. 10, pp. 48-51; Sept. 17, 
pp. 69-72). The author discusses the cutting of metals with abrasive 
discs. The advantages of this method include the short time 
required for the cut, the clean surface left, accuracy attainable and 
rapid cooling as compared with oxy-acetylene cutting. Tables of 
data on wheel speeds and sizes, cutting times and wheel life when 
wet- and dry-cutting tubes, angles and bars of non-ferrous and ferrous 
metals are given. ‘The merits of dry and wet cutting are compared. 
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Tensile Tests with the Specimen Surrounded by a Liquid. G. 
Malmberg. (Jernkontorets Annaler, 1941, vol. 125, No. 12, pp. 
695-697). (In Swedish). The author submits a brief report on the 
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results of tensile tests on specimens of a 0-60° carbon steel in which 
the specimens were held in a sleeve which was kept filled with a 
liquid. The liquids used were river water, distilled water, 1% 
hydrochloric acid, 10% sodium citrate and 5°% soda solution. In 
some tests the specimen was held for 14 hr. with a load just above 
the elastic limit. None of the liquids had any appreciable effect on 
the elastic limit or the tensile strength, but the acid solutions slightly 
_reduced the elongation and reduction-of-area values. 

The Effect of After-Treatment on the Properties of Steel Wire. 
W. Piingel. (Stahl und Eisen, 1942, vol. 62, Oct. 8, pp. 853-858 ; 
Oct. 15, pp. 876-879). The author reviews experience gained by the 
Vereinigte Stahlwerke A.-G., concerning the effects of heat treat- 
ment and deformation on the properties of steel wire. Tempering at 
between 250° and 350° C. increased the elastic limit and tensile 
strength of drawn steel wire, whilst tempering at higher temperatures 
had the opposite effect ; the reduction in tensile strength was greater 
the greater the reduction of area on drawing and the longer the 
tempering time. The reduction of area in the tensile test decreased 
with decreasing tempering temperature below 250° C.; at above 
250° C. it increased with increasing tempering temperature for small 
reductions on drawing, but for large reductions it decreased ; for 
medium reductions on drawing the reduction of area was not affected 
by the tempering temperature. The effects of hand- and machine- 
straightening and tempering at different temperatures on the 
tensile and fatigue properties of drawn steel wire are given in several 
diagrams. Methods of measuring residual stresses in drawn wire . 
are discussed, and results of tests on the effects of tempering tempera- 
ture and time on the residual stresses in wire drawn with different 
degrees of reduction are presented. The greater part of these 
stresses can be relieved by tempering at 250-350° C. for a very short 
time (20 sec. at 350° C. is usually sufficient). The properties of hot- 
dipped galvanised cold-drawn wire depend not only on the tempering 
time and temperature, but still more on the carbon content and 
amount of reduction ; high carbon and a heavy reduction are favour- 
able factors. The cleaning and pickling have a pronounced. effect 
on the deformation properties of the zinc coating ; the more thorough 
this is the less is the tendency of the zinc to harden. 

Recent Development of Steel St 52 for Steel Structures. E. H. 
Schulz and D. W. Bischof. (Iron and Steel Institute, 1941, 
Translation Series, No. 57). This is an English translation of a 
paper which appeared in Zeitschrift des Vereins Deutscher 
Ingenieur, 1941, vol. 84, May 6, pp. 229-235, and it is reproduced by 
permission of the Ministry of Aircraft Production. Structural steel 
<4 52 was introduced in Germany in 1928 for the construction of 
riveted bridges. With the increased application of welding it was 
found necessary in 1937 to restrict the alloy constituents to improve 
the weldability. By heat treatment and modifications in the steel- 
production process the steelmakers improved the weldability. A 
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bend test on longitudinal fillet welds is described in detail, and the 
results obtained with specimens of this steel are related to the grain 
size and type of heat treatment. 

Converter Cast Steel Will Meet Requirements. C. E. Sims and 
F. B. Dahle. (American Society for Testing Materials: Foundry, 
vol. 70, 1942, Sept., pp. 88-89, 151-157 ; Steel, 1942, vol. 111, Sept. 
11, pp. 125-128, 187-191). The authors report on an investigation 
carried out at the Battelle Memorial Institute in which a comparison 
was made of the mechanical properties of specimens of cast steel of 
similar analyses made by six different processes, viz.: (1) Acid 
open-hearth ; (2) basic open-hearth; (3) acid electric; (4) basic 
electric; (5) the triplex process, 7.e., cupola/Bessemer-converter / 
electric-furnace ; and (6) side-blown converter. The steels contained. 
small amounts of copper, chromium and nickel, and carbon in the 
0-20-0:35% range, and represented current standard practice at the 
works which supplied the specimens. It was desired to ascertain 
whether side-blown converter cast steel differed materially in 
mechanical properties from cast steels made by the other processes. 
Side-blown converter steels are said to have poor impact strength 
properties at low temperatures, and particular attention was paid 
to this by making Charpy impact tests at down to — 80° F. These 
steels were found to have as a group the best low-temperature impact 
properties. On the whole, no evidence was found to favour any 
particular process, except that better control of the phosphorus 
could be achieved in the basic open-hearth. With proper deoxida- 
tion, all the processes will produce steel of the quality demanded for 
war purposes. 

Investigations on a New Shape of Specimen for Impact Tests. 
A. Wahlsteen. (Jernkontorets Annaler, 1941, vol. 125, No. 6, pp. 
217-247). (In Swedish). The author reports on a comprehensive 
investigation of the advantages of using a new type of specimen for 
impact testing. The results obtained in several series of test are 
compared with those obtained using standard Charpy specimens of 
the same steel. The new type of specimen is the same size as the 
Charpy specimen, namely, 55 x 10 x 10 mm., but instead of having 
an open notch it has a “ closed ’’ one—in other words, a round hole. 
Nine varieties of the new type were tested; these differed in the 
size of hole and distance from the surface. The nine specimens were 
numbered in a manner indicating the size and position of the hole, 
e.g., specimen 541 had a 4-mm.-dia. hole the sides of which were 
5 mm. from the impact side and 1 mm. from the other side of the 
specimen, A variety of steels with carbon in the 0-12-1-02% range, 
heat-treated in various ways, were tested. With regard to the 
scatter of the test results several of the holed specimens (especially 
Nos. 451 and 352) were superior to the Charpy specimens. With 
steels of low impact strength the holed specimen gives a better 
discrimination between brittle and ductile steels than the Charpy 
specimen, ‘The influence of machining defects in the preparation of 
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the specimens became more marked as the distance of the hole from 
the impact side decreased. The general conclusion was that under 
many conditions of testing the holed specimen is superior to the 
standard Charpy specimen. 

The Tensile-Impact Test and Its Application. K. G. Olsson. 
(Jernkontorets Annaler, 1941, vol. 125, No. 6, pp. 249-274). (In 
Swedish). The author describes the apparatus and procedure for 
making tensile-impact tests, and discusses the relationships between 
the results of these tests and those of static tensile and ordinary 
impact tests. The results of many tests, including some with the 
holed specimens described in the preceding abstract, are compared. 
The conclusion is drawn that tensile-impact tests on plain specimens 
(i.e., with no notch or hole) give a poor indication of whether the 
steel is brittle or tough. A suitable form of notched specimen gives 
a good indication, and is also superior to the holed specimen 532 
(see preceding abstract for meaning of numbers) with which the 
same values were obtained in other respects. 

Tessellated Stresses. F. Laszléd. (Iron and Steel Institute, 
1943, this Journal, Section I.). Anisotropy of the single crystals 
of most materials and the differences between the bulk physical 
properties of the components of compound solids readily cause 
internal self-compensated stress systems to develop round such 
centres as crystals or components of the compound structure, 
respectively. These self-compensated stress systems are called 
“ tessellated stresses.” 

It is shown how to determine the order of magnitude of stresses 
due to crystal anisotropy. Those caused by differences in bulk 
properties are carefully investigated by the statistical application 
of the theory of elasticity. 

A discussion is given of their influence on iron and steel, and 
some problems connected with other solids are mentioned. 

Details of a New System of Crack Detection. (Sheet Metal 
Industries, 1942, vol. 16, Oct., pp. 1557-1558). A brief description 
of the “ Glo-Crack ” method of detecting cracks in metals is given 
(see Journ. I. and S.J., 1942, No. II., p. 217 ). 

The Relation between Grain Strength and Boundary Strength in 
Minerals and Metals. P. J. Holmquist. (Jernkontorets Annaler, 
1941, vol. 125, No. 6, pp. 190-206).- (In Swedish). The author 
investigated the causes of the fracture of steel rope clamps, and dis- 
cusses and compares the type of fracture with that of minerals and 
rocks. The clamps were made of 7-mm.-dia. rod in the form of a 
figure 8, with one loop elongated to a narrow neck, into which the 
rope is jammed. It was found that the core structure consisted of 
tightly packed ferrite grains of about 0-02 mm., with pearlite of 
somewhat smaller size in the grain boundaries; this structure 1s 
typical of that occurring when the material is heterogeneous at the 
temperature at which it is drawn into rod; from this it was con- 
cluded that dynamic segregation had occurred at a temperature 
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below 950° C., and that it is the orientation, and not the grain shape, 
which is characteristic of the disturbance which had taken place in 
the material. The plate structure is remarkably similar to the well- 
known granular structure observed in highly metamorphous schists. 

Hardenability of Steel. A. E. Focke. (Iron Age, 1942, vol. 150, 
Aug. 20, pp. 37-40; Aug. 27, pp. 43-51; Sept. 3, pp. 56-59). The 
author reviews methods of determining the hardenability of steel, 
and presents and correlates data obtained by several investigators. 
The Jominy end-quench test is described, and an example is given 
of how the data obtained in this and other tests can be used to 
compare the properties of the 8.A.E. steels 3140 and 1045 so as to 
determine whether the latter can be substituted for the former for 
making gears. 

A Recording Dilatometer for Metal Specimens. L. R. Stanton. 
(Iron and Steel Institute, 1942, this Journal, Section I.). A 
dilatometer is described which produces a permanent record of the 
length changes of a metal specimen, with an accuracy of 0-001 mm. 
The range over which measurements can be made extends to about 
0-2 mm., the sensitivity being adjusted to suit any particular 
requirement. The measuring principle involves the tuning of an 
inductance about its resonant point by means of a small condenser 
actuated by the dilatometer, and particular care is taken to ensure 
stability of the apparatus over long periods. 

Precision in Creep Testing. J. A. Fellows, E. Cook and H. 8. 
Avery. (American Institute of Mining and Metallurgical Engineers, 
Technical Publication No. 1443: Metals Technology, 1942, vol. 9, 
Aug.). The authors give an account of the apparatus and technique 
developed by the American Brake Shoe and Foundry Co., for the 
creep testing of chromium-nickel heat-resisting steels. The labora- 
tory is designed to permit 1000-hr. tests at temperatures in the 1200— 
2200° F. range, with a choice of applied stress extending from 50 to 
50,000 lb. per sq. in. in increments of 50 lb. per sq. in. Specimens 
16 in. long with a 4-in. gauge length are used, and the elongation 
measurements are made by sighting a telescope with crossed hair 
lines on reference marks cut in platinum-rhodium extensometers 
spot-welded to each side of the gauge length. Exceedingly accurate 
measurements can be made, because one drum division of the 
micrometer eyepiece is equivalent to 0-00000978 in. per inch for a 
4-in. gauge length. Brief reference is made to the possibility of 
developing short-time creep tests by determinations of the time to 
failure at various loads and temperatures. Some particulars are 
given of an instrument for measuring the magnetic permeability of 
specimens in order to study the influence of ferrite on the properties 
of heat-resisting alloys. A bibliography with 83 references to the — 
literature on creep-testing is appended. 

Niobium as an Alloying Element in Heat-Resisting Steels. D. W. 
Rudorff. (Metallurgia, 1942, vol. 26, Oct., pp. 193-196, 224). An 
abridged English version of a recent paper by F. Wever and W. Peter 
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is presented. This dealt with the precipitation hardening and creep 
strength of iron-columbium alloys and of steels alloyed with colum- 
_ bium. (See Journ. I. and §.I., 1942, No. II., p. 72 a). 

Rust-, Acid- and Heat-Resisting Steels. W.H. Hatfield. (Insti- 
tute of Chemistry, May, 1942). The author begins by indicating 
how the war emergency has affected the special-steel situation, and 
presents lists of purposes for which rust-, acid- and heat-resisting 
steels are considered essential and not essential in war-time. The 
properties and microstructures of these steels are then briefly dis- 
‘cussed. The heat-resisting steels are divided into the following 
groups : (1) Silicon-chromium steels ; (2) 12-30% chromium steels ; 
(3) austenitic chromium-nickel steels ; and (4) higher nickel- 
chromium alloys containing 60% or more of nickel. In producing 
cutlery of stainless steel it was found that spoons and forks could 
not be economically produced in 18/8 stainless steel, owing to the 
number of operations, but that 12%-chromium 12%-nickel steel 
could be forged and pressed to the required shapes without any 
intermediate softening treatment. The addition of molybdenum to 
18/8 stainless steel greatly increases its resistance to organic acid. 
The addition of titanium or columbium prevents the intercrystalline 
weakness which occurs if 18/8 steel has been cooled down from a dull 
red heat and then subjected to the attack of certain critical corroding 
media. Extensive tables of loss-in-weight data of several specifica- 
tions of corrosion-resisting steel in nitric, sulphuric, hydrochloric, 
phosphoric and acetic acids at 20°, 40°, 60°, 80° C. and boiling point 
are presented. The “time-yield”’ method of assessing creep charac- 
teristics is explained; the time-yield stress is that approximately 
equivalent to a rate of creep of one-millionth of an inch per inch per 
hour. One of the latest heat-resisting steels can be stressed at up to 
6-5 tons per sq. in. at 700° C. without the above creep rate being 
exceeded. Some notes on the hot- and cold-working, welding, 
brazing and machining of stainless steels are appended. 

Alloy Steel Castings, Their Properties and Application. _H. 
Juretzek. (Iron and Steel Institute, Translation Series, 1942, No. 
114). An English translation is presented of a recent paper in 
which the author reviews the properties of alloy-steel castings for 
aircraft, motor transport, boilers, turbines and chemical plant. 
(See Journ. I. and §.1., 1942, No. II., p. 220 A). 

Conserving the Alloying Elements of Light Armor Steels. A. F. 
Macconochie. (Steel, 1942, vol. 111, Oct. 5, pp. 172-180). The 
author gives a short account of the research programme of the 
Ferrous Metallurgical Advisory Board on the selection of steels of 
light armour with a view to using the least possible amount of alloy- 
ing elements. Some developments in cast armour are noted. 
Information is also given on the occurrence and. working-up of nickel, 
chrome, molybdenum and vanadium ores in North America. 

Physical Properties of NE Carburizing Steels. A. S. Jameson. 
(Iron Age, 1942, vol. 150. Sept. 17, pp. 58-64). The author com- 
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pares the properties of ten case-hardening National Emergency 
steels with those of pre-war standard alloy case-hardening steels. 
The origin and purpose of the National Emergency steels have been 
dealt with previously (see pp. 31 a and 32 4). 

Cold-Rolled Stainless Steels in Aircraft. R. Franks and W. O. 
Binder. (Mechanical Engineering, 1942, vol. 64, Aug., pp. 589- 
598). The authors discuss the properties of cold-rolled stainless 
steel and the suitability of this material for making light high- 
strength structures. If the composition and the degree of cold- 
reduction are properly controlled, these steels have predictable 
stress-strain characteristics and can readily be fabricated into light 
and strong structures. When a tensile strength not much more 
than 150,000 lb. per sq. in. is required, the 18/8 quality is satis- 
factory, but for higher strengths such as 175,000 to 200,000 lb. per 
sq. in. the 17%-chromium 7%-nickel quality is to be preferred 
because of its higher ductility. High strength with somewhat 
greater ductility than that of the 17/7 steel is obtained with cold- 
rolled 17°%%-chromium 5°%-manganese 4%-nickel steel. The com- 
pressive yield strength of 18/8 steel in the direction of rolling is not 
so high as the tensile yield strength. The compressive yield strengths 
of the 17/7 and the 17/5/4 steels are higher than that of 18/8, and 
more nearly approach their tensile yield strengths. The compressive 
yield strength of each steel is higher than the tensile yield strength 
in the direction transverse to rolling. The compressive yield 
strengths, especially in the direction of rolling, are greatly improved 
by heat treatment at 200-300° C.; usually 24 hr. treatment is 
sufficient. After this treatment the compressive and tensile yield 
strengths of the 17/5/4 steel are approximately equal. 
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The Use of X-Rays in the Foundry. W. Montgomery. (Insti- 
tute of British Foundrymen : Foundry Trade Journal, 1942, vol. 68, 
Oct. 22, pp. 159-170). The author explains in non-technical 
language the theory of X-ray generation and the application of X- 
rays to detect faults in castings ; he then devotes the major portion 
of the paper to the interpretation of radiographs. Several radio- 
graphs are reproduced of castings, in some of which faults were 
purposely introduced, and these are compared with radiographs of 
similar sound castings. The factors studied in these examples 
included the degree of fusion obtained between a chaplet and an 
iron casting, the detection of shrinkage cavities, discovering the 
cause of bubbles in enamel and glass linings on the inside of cast- 
iron pipe bends, straights and T-pieces. Double-exposure technique 
is described and the method of calculating the position of a defect 
from the data obtained by this technique is explained. 
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Non-Destructive Testing for Autogenous Welding and Hardening. 
W. Kolb. (Autogene Metallbearbeitung, 1941, vol. 34, July 15, pp. 
225-233). The author reviews the application of X-ray and 
magnetic-powder methods of examining welded and hardened steel 
parts, pointing out their limitations. A method of obtaining con- 
tact prints of a surface which has been examined by the magnetic- 
powder technique is described. A white, fine-grained absorbent 
paper is carefully moistened on one side and pressed with the fingers 
over the metal surface with the drier side down. If the paper has 
been carefully prepared it will make contact with all the hollows 
and ridges in the metal surface, such as those on a bead of weld 
metal, and the accumulations of powder will leave fine black lines 
on the paper. 

Railway Engineering and Radiography. E. D. Knights. (Rail- 
way Gazette, 1942, vol. 77, Oct. 9, pp. 348-350). The author gives 
some examples of the X-ray technique employed by the London, 
Midland and Scottish Railway Co. for examining metals. The set- 
up of the apparatus and interpretation of radiographs of a weld in 
a steel pressure vessel, a butt-welded steel plate, fillet welds, a cast 
steel spoke, a cast steel motor housing and a zine alloy die casting 
are explained. 

Micro and Macro Structures of Gray Iron and Meehanite. C. R. 
Austin and M. M. Lipnick. (Iron Age, 1942, vol. 149, May 7, pp. 
72-74; May 14, pp. 59-61, 129, 130). The authors describe the 
technique for grinding and polishing specimens of grey iron and 
Mechanite, and presents and compares macrographs and micro- 
graphs of these metals. In photographing, a backed plate, in which 
halation is largely eliminated, accurately reproduces the visual 
~ appearance of a properly polished specimen, and, if a suitable paper 
is used, the detail is transferred to the print. The effects of different 
“developing solutions are also pointed out. In the second part of the 
paper a study of graphite flakes is made using the technique previously 
described. ‘The difference between primary and secondary graphite 
flakes is clearly revealed, and it is stated that high tensile strength 
is associated with the absence of secondary graphite in cast iron. 

Diffusion between Metals in the Solid State. F. Neumeyer. 
(Teknisk Tidskrift, 1942, vol. 7 1, June 28, pp. 277-284 ; July 5, pp. 
285-288). (In Swedish). The author presents a review of past and 
present theories on the diffusion of metals in each other in the solid 
state. 

Diffusion in Metal Accompanied by Phase Change. L. S. Darken. 
(American Institute of Mining and Metallurgical Engineers, Technical 
Publication No. 1460: Metals Technology, 1942, vol. 9, Aug.). In 
this study of the diffusion of an element into a metal or alloy and its 
relation to scale formation in the case of steel, the author’s objects 
are: (1) To demonstrate the conditions necessary for the existence 
of a sharp boundary between the diffusion zone, or subscale, and the 
base metal; (2) to describe a simple method of galoulnins the 
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composition and thickness of the subscale ; and (3) to show how this 
method can be extended to cover complex cases. The paper is 
mainly of a mathematical nature, and the author explains how to 
determine the rate of growth and composition of an oxide subscale 
on an alloy from the diffusion constants, phase relations and bound- 
ary conditions. Large apparent deviations from Fick’s law may be 
expected in systems of more than two components. It is suggested 
that the activity gradient rather than the concentration gradient be 
regarded as the “ driving force” in diffusion, for, since activity is 
successfully used instead of concentration in interpreting equili- 
brium, it should have like merit in interpreting the approach to 
equilibrium by diffusion. 

Rate of Nucleation and Rate of Growth of Pearlite. F.C. Hull, 
R. A. Colton and R. F. Mehl. (American Institute of Mining and 
Metallurgical Engineers, Technical Publication No. 1460: Metals 
Technology, 1942, vol. 9, Aug.). The authors present and discuss 
data on the rate of nucleation and the rate of growth of pearlite and 
the manner in which these are affected by the composition of the 
steel, the grain size, temperature and degree of homogeneity of the 
parent austenite. A number of methods of determining these rates 
are described and the results given for a series of ten steels contain- 
ing carbon in the range 0-57-1-:10%. The conclusions drawn were : 
(1) The rate of growth remains constant with time during isothermal 
transformation; (2) the rate of nucleation increases with time ; 
(3) the rate of growth is unaffected by variations in austenite grain 
size and in the austenite heterogeneity; the rate of nucleation, on 
the other hand, is very sensitive to these factors; (4) the products 
of deoxidation with aluminium have a very minor effect on the rate 
of nucleation per unit of grain-boundary area; and (5) the effect of 
austenite heterogeneity upon the rate of transformation and upon 
the rate of nucleation is much more marked at high reaction tempera- 
tures than at temperatures near the knee of the S-curve. 
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Laboratory Tests on the Progress of Corrosion of Steel Plate 
Alternately in Contact with Water and Petrol. J.Morsing. (Statens 
Provningsanstalt, 1942, Report No. 87, pp. 3-35). (In Swedish). 
The author reports on a series of laboratory tests carried out at the 
Government Testing Institute in Stockholm in order to study the 
corrosion of steel plate subjected to the attack of water and petrol 
alternately, as may occur on the internal surface of tanks in which 
petrol is stored above water. Specimens of ordinary mild steel 
plate 6 mm. thick were used. The tests were carried out in glass 
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jars in such a manner that the lower halves of the specimens were in 
water during the whole test period, and the upper half was alter- 
nately in water and petrol over periods of 1 to 4 weeks; the gas 
space above the petrol was connected to atmosphere by small 
openings. The amount of corrosion was judged by loss-in-weight 
determinations and by measuring the depth of the pits. When 
filling up and emptying the glass jars the oxygen dissolved in the 
water was determined by the Winkler method, and the dissolved 
rust-forming oxygen in the petrol by a colorimetric method described 
in detail in the second part of the Report. 

Petrol of ordinary commercial quality contains at normal 
temperatures 50-90 mg./litre of dissolved oxygen which corrodes 
steel, whereas water contains about 10 mg./litre. When petrol is 
stored above water it serves as a source of oxygen supply and, when 
the oxygen-content of the water is low, the latter absorbs it from the 
former. Thus, petrol contributes in a high degree to the corrosion 
of steel in contact with both petrol and water. The pitting is 
greatest on that part of the surface which is alternately covered. 
with petrol and water, because the small drops of water which 
adhere to the plate absorb oxygen from the surrounding petrol, and 
this oxygen promotes the ‘corrosion which began underneath the 
drops of water. In favourable conditions the depth of the pits 
increases by about 1 mm. a year. Satisfactory protection of the 
steel plate for at least two years is obtained by applying two coats of 
special paint to the surface, which must first be cleaned by sand- 
blasting. The amount of oxygen dissolved in the petrol can be 
considerably diminished by adding oxgen-absorbing agents such as 
pyrogallol, and this greatly reduces the rate of corrosion. The 
dissolved oxygen can be almost entirely eliminated by passing an 
inert gas such as nitrogen through the petrol. The tests described 
should not be considered as complete, but rather as indicating the . 
lines for further research. 

A Method of Investigating the Rate of Corrosion of Steel. S. 
Johansson. (Jernkontorets Annaler, 1941, vol. 125, No. 11, pp. 
599-614). (In Swedish). The author refers to his earlier paper 
describing a sensitive method of determining the rate of corrosion 
of steel in such manner that the dissolved iron was kept in solution 
(see Journ. I. and §.1., 1941, No. L., p. 193 a). Inthe present paper 
he describes in detail the procedure for carrying out such tests, and 
discusses the results obtained with a variety of plain and alloy 
steels. Special attention is given to the influence of (a) agitating 
the solution during the test, (b) the concentration of the electrolyte, 
(c) different electrolytes and (d) the pH value of the solution. 

Corrosion of Steel by Dissolved Carbon Dioxide and Oxygen. 
G. T. Skaperdas and H. H. Uhlig. (Industrial and Engineering 
Chemistry, Industrial Edition, 1942, vol. 34, June, pp. 748-754 ; 
Steam Engineer, 1942, vol. 12, Oct., pp. 3-4). In order to study the 
corrosion of central-heating radiators and of the condensate return 
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pipe lines of these systems, the authors carried out laboratory tests 
on specimens of 0-15% carbon steel in water at 60° and 90° C. 
containing dissolved carbon dioxide up to 25 c.c. per litre and dis- 
solved oxygen up to 4 c.c. per litre. Solutions at 60° C. containing 
oxygen caused six to ten times as much corrosion as carbon dioxide 
in the same molar concentrations. At 90° C. the increase in the 
corrosiveness of carbon dioxide was relatively greater than the 
corresponding increase for oxygen by approximately 20%. Corro- 
sion by a solution containing both carbon dioxide and oxygen was 
10-40% higher than the sum of the corrosion by the dissolved gases 
acting separately. The increase in corrosion observed was greater 
at low oxygen/carbon-dioxide concentration ratios. 

The Corrosion Resistance Afforded by Bright Dipped Cadmium 
Coatings. G. Soderberg. (Electrochemical Society, Oct., 1942, 
Preprint No. 82-14). The author reports on some corrosion tests 
on cadmium-plated specimens of 5-in. x 2-in. steel sheet in which a 
comparison was made of the corrosion resistance of specimens in the 
as-plated condition with that of specimens which, after plating, 
rinsing and drying, were dipped for 3 sec. in a brightening solution, 
containing chromic and sulphuric acids. The tests proved that 
although the brightening solution removed 0-00022 mm. of plating, 
the corrosion resistance of cadmium coatings more than 0-0025 mm. 
thick was unaffected, whilst that of coatings 0-0075 mm. thick was 
definitely improved by the brightening treatment. 
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The Theory and Practical Application of Polarographic Analysis. 
G. H. Jeffery. (Sheet Metal Industries, 1942, vol. 16, Oct., pp. 
1525-1530, 1549). The author gives a comprehensive explanation 
of the theory of polarographic analysis, describes the apparatus, the 
_ preparation of the cells, the calibration of a polarograph and dis- 
cusses its applications. 

Some Modern Methods of Metallurgical Analysis. F. W. Hay- 
wood. (Metallurgia, 1942, vol. 26, Aug., pp. 117-120, 148). The 
author describes the principles and applications of the Spekker 
Steeloscope and the Spekker photo-electric absorptiometer. These 
instruments have been described in detail previously (see Journ. 
I. and 8.I., 1941, No. I., p. 79 a, and 1942, No. IT., p. 227 a). 

Determination of Carbon in Steel. (Sheet Metal Industries, 
1942, vol. 16, Oct., p. 1488). Owing to the war the Stréhlein appara- 
tus for making rapid determinations of carbon in steel is no longer 
imported into Great Britain. In this article a brief description is 
given of an improved apparatus of the Strdhlein type now available 
in this country, with which an estimation of the carbon accurate to 
0-01°% can be made in about 1 min. 
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Short Cuts for Determining Sulphur and Molybdenum in Alloy 
Steels. E.R. Vance. (Steel, 1942, vol. 111, Aug. 31, pp. 56-58). 
The author describes rapid and reliable procedures for making sulphur 
and molybdenum determinations in alloy steels. 

The Determination of Low Molybdenum Contents in Ores. (Jern- 
kontorests Annaler, 1941, vol. 125, No. 12, pp. 697-704). (In 
Swedish). Methods of determining the molybdenum contents of 
ores when the amount present may be as low as 0:20% are discussed 
and details are given of a reliable method developed by EH. Ham- 
marberg. 

The Determination of Volatile Matter in Coal and Coke. R. A. 
Mott. (Fuel in Science and Practice, 1942, vol. 21, Sept.—Oct., pp. 
102-112). The author presents an account of the experimental 
work of the Analysis Sub-Committee of the British Standards 
Institution in establishing a standard method of determining the 
volatile matter in coal and coke. 
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Foster, P. F. “The Mechanical Testing of Metals and Alloys. 
The Theory and Practice of Standardised Mechanical Testing.” 
Third Edition. 8vo. pp.ix +317 +23. Illustrated. London, 
1942: Sir Isaac Pitman & Sons, Ltd. (Price 18s.) 

Although there is a considerable amount of useful information in 
this book, the subject-matter is not new. 

The chapters dealing with the better-known testing machines are, 
in general, adequate, and, besides containing descriptions of the various 
testing machines, also deal with testing procedure. 

A chapter is devoted to extensometers and recorders, and it is 
disappointing not to find a description of the Lindley extensometer, as 
this is so widely used, and is such a simple and serviceable piece of 


apparatus. ‘ 
Only three pages are devoted to creep testing, and so obviously are 


of little use to anyone. 

The determination of hardness at high temperatures is, however, 
still more inadequately considered, and only four and a half lines are 
devoted to it. The statement in these four and a half lines that a 


diamond is necessary in this test is not correct. 
J. FERDINAND KAYSER. 


Work Prosects Apmryistration: “Tables of the Moment of 
Inertia and Section Modulus of Ordinary Angles, Channels, 
and Bulb Angles with Certain Plate Combinations.” Prepared 
by the Federal Works Agency, Works Projects Administration 
for the City of New York, as a Report of Official Project No. 
165-2-97-22, Mathematical Tables Project. 4to. pp. xiii + 
197. New York, 1941. London: Scientific Computing Service, 
Ltd. -¢Price-£1). 

This publication consists of a series of mathematical tables prepared 
by the Mathematical Tables Project conducted by the Works Projects 
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Administration for the City of New York, under the sponsorship of the 
National Bureau of Standards. The tables give the moment of inertia 
and the section modulus of ordinary angles, (heel-to-plate and toe-to- 
plate) in sizes ranging from 2 x 2 to 8 x 8 in., of channels from 3 Xx 13 
to 18 x 4 in. and of bulb angles from 4 x 3} to 10 x 3} in. with 
different plate combinations. In addition there are Schedules giving 
the properties of plates, ordinary angles, channels and bulb angles. 

The tables, which are well set out and reproduced by a photo-offset 
process, should be useful to engineers, especially those engaged in 
steelwork construction. 
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(Continued from pp. 1 4-2 A) 


Production and Properties of the Commercial Magnesias. M. Y. 
Seaton. (American Institute of Mining and Metallurgical Engineers, 
Technical Publication No. 1496: Mining Technology, 1942, vol. 6, 
July). The author discusses the production, properties and ap- 
plications of magnesia in the United States. As far as the finished 
products are concerned, those with less than about 80% of magnesium 
oxide are not included in the paper. Particulars are given of the 
magnesite industries of California, Washington, and Nevada, and 
the process of recovering magnesia from seawater and from bittern 
is described (bittern is the liquor left after salt has been recovered 
from sea-water by evaporation). 

The Action of Chlorine on Refractory Materials. Part I. Pre- 
liminary Experiments with some Typical Commercial Products. 
L. RB. Barrett, F. H. Clews and A. T. Green. (Transactions of the 
British Ceramic Society, 1942, vol. 41, Aug., pp. 191-196). The 
occasional occurrence of significant amounts of chlorides, notably 
sodium chloride, in coal raises the question of the action of chlorine 
and hydrochloric acid on refractories when, such coal is burnt or 
carbonised. Experiments on this problem are reported in this 
paper. Samples of typical refractory materials and a fired blue 
brick clay were exposed for periods of 2 hr. at 1000° C. and the losses 
in weight determined. Two bricks (one containing 23-9°% of carbon 
and the other a clay-bonded silicon-carbide brick) suffered the 
greatest loss, silicon tetrachloride being formed. The magnesite 
and chrome bricks and the blue brick clay were markedly attacked. 
The refractoriness of a diatomaceous insulating material was 
increased from Seger cone 17 to 27 by treatment for 10 hr. with 
chlorine at 1000° C. 

The Action of Chlorine on Refractory Materials. Part II. Ex- 
periments on the Action of Chlorine on Certain Oxides, Silicates and 
Spinels. H. M. Richardson, F. H. Clews and A. T. Green. (Trans- 
actions of the British Ceramic Society, 1942, vol. 41, Aug., «pp. 
196-205). The conversion of various oxides into chlorides by the 
action of chlorine at 1000° C. has been studied. The following is the 
approximate order of reactivity : Iron oxide > magnesia > lime > 
titanium dioxide > zirconia > alumina > silica. More complex 
compounds containing these oxides, such as various silicates and 
spinels, were less reactive than the free constituent oxides. > 

Apparatus for Measuring Thermal Conductivity of Refractories. 
CG. L. Norton, jun. (Journal of the American Ceramic Society, 
1942, vol. 25, Nov., pp. 451-459). The author refers to the need 
for standardising apparatus and procedure for determining the 
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thermal conductivity of refractory bricks, and describes an apparatus 
developed at the Babcock and Wilcox laboratories in the United 
States. In this apparatus a constant-temperature gradient is main- 
tained across the specimen brick by supplying heat to one face with 
six electric heating units; the opposite face of the brick rests on 
copper calorimeters through which a flow of water is maintained. 
The rise in temperature of the water and the amount of water 
flowing in a fixed time interval are measured, and from these data 
the thermal conductivity can be calculated. Test runs covering 
a very wide temperature range can be made in three or four days. 
Some results obtained with insulating bricks and dense firebricks 
are given. 

Control Testing for Consistency of Refractory Mortars. E. C. 
Petrie and D. W. Kocher. (Journal of the American, Ceramic 
Society, 1942, vol. 25, Nov., pp. 459-463). The authors discuss 
methods of determining the consistency of refractory mortars. 
_ They found the flow-trough method and the Hommel viscosimeter 
to be unsuitable for testing mortars with a normal water content. 
Two modified forms of the Vicat needle, which is used in the pottery 
industry to determine the plasticity of clays, were found to give 
satisfactory and reproducible results. This form of apparatus 
consists of a brass rod held vertically in a guide to which a scale 
and clamping screw are attached; an aluminium or stainless-steel 
plunger is fixed to the bottom of the rod, and a suitable weight is 
screwed on the top. A small container is filled with the mortar to 
be tested, the sample being thoroughly mixed and free from air 
bubbles. The sample is placed on the stand with the tip of the 
plunger just touching the surface. The clamping screw is released, 
and the distance the plunger sinks into the mortar in 30 sec. is a 
measure of its consistency. The apparatus is easy to operate and 
clean; the readings are obtained quickly and can be readily 
evaluated. 

Hot-Face Insulation. T. S. Pearson. (British Steelmaker, 
1942, vol. 8, Dec., pp. 348-352). The author discusses the advan- 
tages and limitations of bricks for insulating the hot face of furnace 
walls, the purpose of which is to reduce the amount of heat absorbed 
by the furnace structure. There are two types of these bricks 
available, and these are suitable for maximum hot-face temperatures 
of 1200° and 1350° C. respectively. Their heat-absorption capacity 
is about one-third of that of firebricks. The advantage of using 
them is greater with intermittently working furnaces than with 
continuous furnaces, but with the latter a greatly improved response 
to variations in fuel control is at once appdrent. 

Heat Insulation and Its Problems. W. Goldsbrough and S. G. 
Throssell. (British Steelmaker, 1942, vol. 8, Dec., pp. 354-358). 
The authors show how to calculate heat balances for furnaces with 
particular reference to the advantages of using insulating bricks. 
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PRODUCTION OF IRON 


(Continued from pp. 41 a—43 4) 


Taylor-Wharton Started Making Iron before United States Was 
Born. (Steel, 1942, vol. 111, Oct. 19, pp. 53-55, 104, 105). A short 
illustrated account is given of the history of the Taylor-Wharton 
Tron & Steel Co., High Bridge, New Jersey. This company now 
has an extensive iron and steel works on the site where William 
Allen in 1742 erected a furnace close to an existing forge. 

The Determination of Certain Characteristic Data from the Com- 
position of Blast-Furnace Flue Gases. A Sarkisyants. (Iron and 
Steel Institute, 1943, Translation Series, No. 119). An English 
translation is presented of a paper which appeared originally in 
ou oe No. 8, pp. 1-8 (see Journ. I. and S.I., 1940, No. L, p. 

A). 

Exploding the “Sponge Iron” Myth in Modern Steelmaking 
Practice. F. F. Foss. (Steel, 1942, vol. 111, Oct. 12, pp. 100- 
103, 115, 116). The author discusses the possibilities of producing 
direct from ore a sponge iron suitable as a substitute for scrap in 
open-hearth steelmaking. The Krupp-Renn (German) and the 
Hoéganiis (Swedish) processes are dealt with in particular. Practical 
experience with the Krupp-Renn product has shown that it is less 
costly to desulphurise the sponge lump in the furnace than in the 
open-hearth. In the Héganas process a coneentrate containing 
about 71% of iron from Gellivare magnetic iron ore is packed with 
a locally produced coal in large crucibles and heated to 1800° F. 
so as to produce cylindrical lumps of sponge iron containing 96% of 
iron and only 0-015% of sulphur and 0:013% of phosphorus. Under 
the exceptionally favourable local conditions the sponge iron 
produced at Hoganas is profitably used for making high-grade steel. 
In general, it can be said that regular sponge iron cannot be used in 
the open-hearth or electric furnace on an equal basis with iron 
scrap either technically or economically, even under emergency 
conditions. 

Sintered, Forged and Rolled Iron Powders. C. G. Goetzel. 
(Iron Age, 1942, vol. 150, Oct 1, pp. 82-92). The author reports 
the results of tests on specimens of iron prepared by the powder- 
metallurgy process in three different ways. Two types of powder 
were used, one made from sponge iron reduced from mill-scale with 
hydrogen, the other an electrolytic iron of 99-8% purity. The three 
different treatments were: (a) Pressing and sintering 1-2 hr. at 
1000-1300° C., sometimes with a second pressing and annealing ; 
(b) pressing, sintering and hot-forging ; and (c) pressing, sintering 
and cold-rolling. Tables of test data as well as micrographs are 
presented. If iron compacts are twice pressed and heated and very 
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pure iron powders are used, a density of 98% of the normal can be 
obtained.. The limit of proportionality and the elastic limit are, 
however, 10° below normal. The elongation and reduction-of- 
area values were one-half to two-thirds of the normal. The finer 
the powder, the higher were the strength values, whilst the coarse 
powders gave better ductility. Hot-forging, even with only 25% 
reduction, materially improved all the properties, so too did cold- 
rolling. With this after-treatment the tensile strength and ductility 
were brought within normal limits, the modulus of elasticity to 
65-90% of the normal and the elongation and reduction of area to 
75% of the customary values. 
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(Continued from pp. 43 4—46 a) 


The Development and Control of Engineering Gray Cast Irons. 
R. A. Flinn and D. J. Reese. (Transactions. of the American 
Foundrymen’s Association, 1942, vol. 49, Mar., pp. 559-602). 
The authors present a comprehensive survey of factors affecting 
the structure of grey cast iron and of the relation between the 
structure and the strength properties. The factors affecting the 
graphite and the matrix are dealt with separately, and it is shown 
how the various changes in structure can be produced and controlled. 

Practical Time Study Measurements for Foundry Operations. 
P. Carroll, jun. (Transactions. of the American Foundrymen’s 
Association, 1942, vol. 49, Mar., pp. 503-523). The author pro- 
poses a method for obtaining time-study data in jobbing foundries. 
This method is based on breaking down a particular operation 
into (a) constant elements which are the same for every job regardless 
of size, and (b) variable elements which are dependent on the type 
and size of casting being made. 

The Foundry in Mexico. H. H. Miller. (Western Hemisphere 
Foundry Congress: Transactions of the American Foundrymen’s 
Association, 1942, vol. 50, July, pp. 165-171). The author gives a 
concise account of the problems and work of the foundrymen in 
Mexico, pointing out the diversity of the castings required, the 
scarcity of scrap metals and of skilled pattern-makers for intricate 
pump castings. ° 

Comments on the Brazilian Foundry Industry. H. A. Hunnicutt. 
(Western Hemisphere Foundry Congress: Transactions of the 
American Foundrymen’s Association, 1942, vol. 50, July, pp. 
172-179). The author gives a general survey of the foundry 
industry of Brazil, and describes some of the changes caused by the 
cessation of imports of foreign machinery and steel products. He 
compares Brazilian cast irons with those of the United States, and 
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relates what progressive foundrymen are doing in the fields of sand 
control, cupola operation and metallography. There are two 
technical research associations supplying the industry with informa- 
tion and test data. 

A Multipurpose Brazilian Foundry. L. D. Villares. (Western 
Hemisphere Foundry Congress: ‘Transactions of the American 
Foundrymen’s Association, 1942, vol. 50, July, pp. 180-184). The 
author describes the activities of Pirie, Villares & Cia., Ltda., a 
Brazilian firm that has been making passenger and freight elevators 
for twenty-two years. Their equipment now includes one 3-ton 
direct-arc electric furnace, two 15-in. and one 24-in. cupolas, sand- 
mixers and four moulding machines. They now make high-quality 
alloy cast iron, cast steel, steel forgings and tool-steel bars. 

Some Aspects of the Cast Iron Practice in Brazil. M. Siegel. 
(Western Hemisphere Foundry Congress: Transactions of the 
American Foundrymen’s Association, 1942, vol. 50, July, pp. 
185-214). The author describes foundry practice in Brazil with 
particular reference to moulding sands, core preparation and pattern- 
making. He explains the functions and activities of the Instituto 
de Pesquisas Technologicas (Institute for Technical Research), 
discussing the successful results obtained by its foundry department. 

Casting High-Speed Steel. W. F. Sherman. (Iron Age, 1942, 
vol. 150, Sept. 24, pp. 41-44). The author describes the plant, 
layout and processes at the steel foundry of the Gorham Tool Co., 
‘Detroit, where high-speed steel tools are made. There are two 
200-Ib. and one 30-lb. induction furnaces and two 50-Ib. arc furnaces. 
The steel produced contains molybdenum 8%, chromium 4%, 
vanadium 2%, cobalt 8% and boron 1%. The annealed castings 
are easily machined to the desired shape, leaving only sufficient 
tolerance for finish-grinding after heat treatment. Both box-sand. 
moulds and centrifugal casting machines are used, and some cutters 
are cast with the teeth which only require finish-grinding. 

Atmospheric Pressure and the Steel Casting—A New Technique 
in Gating and Risering. H. F. Taylor and E. A. Rominski. 
(Transactions of the American Foundrymen’s Association, 1942, 
vol. 50, July, pp. 215-251). Applies Atmospheric Pressure to 
Secure Sound Castings. H. F. Taylor and E. A. Rominski. (Foundry, 
1942, vol. 70, Oct., pp. 74-77, 161-164). The authors describe how 
risers can be arranged in moulds for steel castings so that their effect 
either assists or counteracts that of the atmospheric pressure im 
filling up shrinkage cavities. The system known as “ blind risering ” 
is advocated for certain types of casting such as valve-flanges. The 
plind riser is one covered with a cope, and it has been found ad- 
vantageous to permit the pressure of the atmosphere to act on the 
covered riser by building in a permeable sand core leading from the 
top of the riser to atmosphere. In such cases the casting may 
extend well above the level of the riser and, as soon as shrinkage 
takes place in the casting, the pressure of the atmosphere acts on 
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the riser through the sand core, and this feeds the casting. With 
this technique the riser is between the sprue and the casting, so that 
the feed-metal is hotter than it would be if the riser were filled last. 

The Use of Models in Improving Steel Casting Practice. S. W. 
Brinson. (Transactions of the American Foundrymen’s Asssociation, 
1942, vol. 49, Mar., pp. 480-494). The author demonstrates, by 
describing and illustrating examples, that in the making of large 
steel castings it is well worth while having a model of the casting 
made. Such a model makes it easy to determine how to make the 
patterns, the position of the pattern in the mould and the best 
location for gates and risers. The examples given relate to turbine 
castings. 

Progress Report of Sintering Test Subcommittee, Foundry Sand 
Research Committee. (Transactions of the American Foundrymen’s 
Association, 1942, vol. 49, Mar., pp. 552-558). The Foundry 
Sand Research Committee of the American Foundrymen’s Associa- 
tion appointed a sub-committee to report on the reasons for the 
widely differing results obtained with the standard sintering test 
for moulding sand and to suggest revisions to the test. In this 
sintering test a strip of platinum 2 x 3 Xx 0-002 in. is placed round 
the curved surface of a cylindrical specimen of the sand; a load 
of 170 g. is applied and a series of tests is made by electrically 
heating the strip to temperatures which increase in 25° C. stages. 
The platinum is kept in contact with the sand at the testing tem- 
perature for 4 min. The strip-holder and strip are then lifted off 
and it is noted whether or not the strip adheres to the specimen and 
makes a V when lifted. The lowest temperature at which the 
platinum ribbon adheres to the specimen is known as the “A” 
sintering point of the sand. The “ B ” sintering point is the lowest 
temperature at which traces of fusion are seen at 20-25 diameters 
magnification. A detailed procedure for making these tests is 
proposed. 

Progress Report on Investigation of Effect of High Temperatures 
on Steel Sands. No. 1.—Part 2.—Expansion-Contraction Tests. 
G. W. Ehrhart. (Transactions of the American Foundrymen’s 
Association, 1942, vol. 49, Mar., pp. 640-645). This is an account 
of part of the work on steelfoundry sands organised by the Foundry 
Sand Research Sub-Committee of the American Foundrymen’s 
Association ; in it the results of expansion-contraction tests on a 
number of American steelfoundry moulding-sand mixtures are 
presented. 

Progress Report on Investigations of Effect of High Temperatures 
on Steel Sands. No. 2.—Comparison of Specimen Sizes. J. R. 
Young. (Transactions of the American Foundrymen’s Association, 
1942, vol. 49, Mar., pp. 646-685). In view of the fact that some 
laboratories engaged in testing moulding sands use specimens 1} in, 
in dia. < 2 in. long and others specimens 2 in. in dia. x 2 in. long, 
the Foundry Sand Research Sub-Committee (see preceding abstract) 
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carried out comparative tests on the two sizes. Naturally-bonded 
and synthetically-bonded sands for steel castings were prepared 
and the two sizes of specimen were tested for (a) green permeability, 
(6) green compression, (c) green deformation, (d) dry permeability, 
(e) dry compression, ( f) hot strength and (g) expansion when slowly 
and rapidly heated. The results are reported in tables and as 
curves. The room-temperature properties of 2 x 2-in. specimens 
rammed by the standard A.F.A. (American Foundrymen’s Associa- 
tion) method were very different from those obtained with 14 x 2-in 
specimens rammed with the Dietert rammer. In high-temperature 
tests 14 x 2-in. specimens gave higher hot-strength properties 
than 2 x 2-in. specimens, but there was substantially no difference 
in the amount of free expansion. 

Measurement of Free Expansion of Sand Mixtures at High 
Temperatures. G. W. Ehrhart. (Transactions of the American 
Foundrymen’s Association, 1942, vol. 49, Mar., pp. 687-710). 
The author reports on an investigation of the expansion and con- 
traction of moulding-sand mixtures when the sand specimen was 
free to change its length without any load on it. A mechanical 
and an, optical apparatus for measuring the changes in length are 
described. The following results were observed: (1) The total 
expansion was independent of the amount of bonding material, 
moisture and degree of ramming; (2) the total contraction was less 
than the total expansion; (3) the total contraction was less for 
fireclay-bonded mixtures than for bentonite-bonded mixtures ; 
(4) when heated slowly enough to prevent cracking, there was no 
difference in the expansion and contraction of 14-in. and 2-in. 
specimens; (5) 1}-in. specimens could be heated at a faster rate 
than the 2-in. specimens without cracking ; (6) on reheating a speci- 
men, the expansion was found to be less than on the first heating ; 
(7) on reheating, the specimen contracted to very nearly the same 
length as before reheating; and (8) when a specimen which had 
been previously heat-tested was broken up, tempered without 
adding any bond, and made into a new specimen, the expansion 
was found to be the same as that of the original specimen when 
first heated. 

Testing of Foundry Sand and Its Coordination with Molding 
Results. J. J. Boland. (Transactions of the American Foundry- 
men’s Association, 1942; vol. 49, Mar., pp. 730-746). The author 
gives an account of the development of methods of sand control 
by the Griffin Wheel Co., a firm producing chill-cast railway wagon 
wheels at twelve plants in the United States. Methods of recording 
defects are also described, and statistics on losses due to moulding 
defects show that considerable improvement has taken place with 
- the increased application of methods of sand control. : 

Designing for Foundry Production. E. Geiger. (Western 
Hemisphere Foundry Congress : Transactions of the American 
Foundrymen’s Association, 1942, vol. 50, July, pp. 149-164). The 
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author makes recommendations on the design of iron and steel 
castings relating to tolerances, amount of draft to facilitate with- 
drawal of the pattern, the position and size of lugs, and changes in 
section. 

Design of Core Boxes and Driers for Core Blowing Machines. 
O. A. Van Sickle. (Transactions of the American Foundrymen’s 
Association, 1942, vol. 50, July, pp. 260-263). The author dis- 
cusses the design of core-blowers, which are machines for blowing 
sand into core-boxes for the rapid production of cores. Some 
details on the position of the parting line of the box and the sizes 
of sand-nozzles and vent-holes are given. 

The Quasi-Bessemerising Process. W. S. Williams. (Iron and 
Steel, 1942, vol. 16, Nov., pp. 34-36, 45). The author describes a 
special process for making ingot moulds of hematite iron. The 
difficulties encountered in making ingot moulds are largely due to 
the formation of kish in and on the surface of molten hematite 
iron. In principle, the method described consists of blowing air 
into the molten metal in the sand-mould, hence the name “ Quasi- 
Bessemerising.”” The apparatus required is simple, and consists 
of the tubes and fittings for supplying a regulated flow of compressed 
air at 15 lb. per sq. in. through a }-in. steel tube introduced into the 
highest part of the mould near a riser head. The air passes into 
the molten metal and emerges accompanied by impurities contained 
in the iron; the air is blown in irregular pulses which cause large 
masses of iron to beat upon the walls of the sand-mould; this 
vibration can be both heard and felt. (The mechanism of the process 
is explained and the results of tests on ingot moulds made in the 
manner described are given. 

Guns Cast Centrifugally. C. T. Harris, jun. (Machinist, 1942, 
vol. 86, Nov. 21, pp. 822-823). <A brief description is given of the 
plant and process used at one of the United States arsenals for the 
centrifugal casting of gun-barrels of up to 6-in. bore. The steel is 
melted in coreless induction furnaces, the quantity in a given 
furnace being the exact amount required to cast one gun. The 
mould is rotated at high speed, and a pouring box is placed at one 
end; the whole furnace is brought up to the end of the mould on 
a special carrier, and the steel is teemed while the mould rotates. 
After a short interval the mould-cover is unbolted and a hydraulic 
ram pushes out the red-hot casting. 
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Alloy Steel. (Canadian Metals and Metallurgical Industries, 
1942, vol. 5, Sept., pp. 262-264). A brief description is given of the 
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sequence of processes at a Canadian steelworks where the melting- 
shop capacity has recently been increased by putting in four 25-ton 
Héroult electric furnaces. 

The Utilised Heating Surface of Checkers in the Regenerator 
Chambers of Open-Hearth Furnaces. K. Guthmann. (Stahl und 
Bisen, 1942, vol. 62, Sept. 10, pp. 774-779). The author reports 
the results of some tests carried out by the “ Warmestelle Diissel- 
dorf” on three open-hearth furnaces when certain measures for 
improving the efficiency of the regenerator chambers were tried. 
A rectangular plate which could be raised and lowered was fitted 
into the reversing flue to the air-chambers. It was found that 
alternating the position of this plate had a very marked effect on 
the efficiency of the chambers by changing the utilised heating 
surface of the checkers; the best results on one furnace were 
obtained with the plate lowered so as to reduce the open cross- 
section of the flue by one-third. Increased production with more 
efficient utilisation of the fuel was obtained in each case by fitting 
a throttle-plate in the flue and running trials to find the optimum 
setting for it. Data on the construction. of the checkers and the 
changes in the air and flue-gas temperatures are given in tables 
and graphs. 

A Review of Basic Open-Hearth Practice at an Australian Plant. 
R. L. Knight. (Iron and Steel Institute, 1943, this Journal, 
Section I.). The author gives a comprehensive description of the 
plant and practice at the steelworks of Australian Iron and Steel, 
Ltd., Port Kembla. The plant is situated 15 miles by rail from 
several collieries owned by the company ; the limestone is brought 
70 miles by rail from Marulan ; red hematite ores, low in phosphorus, 
are shipped from the Whyalla. deposits to Port Kembla, which is 
about 1070 miles. The open-hearth department consists of seven 
fixed furnaces varying from 160 to 280 tons capacity and a 1200- 
ton hot-metal mixer, the latter receiving metal from 70-ton transfer 
ladles filled from 120-ton ladles hauled from the blast-furnaces. 
The open-hearth furnaces are fired with either tar and coke-oven 
gas or producer gas and coke-oven gas.. They all comply with 
accepted modern standards relating to water-cooling, and are 
equipped with modified Blair ports and water-cooled straight-line 
gates and valves. The tar is burned at 40 Ib. per sq. in. and 200° F. 
with steam for atomisation at 60-80 lb. per sq. in. and 325° F. The 
outstanding features of the furnace practice are the high hot- 
metal/scrap ratio, the heavy ore charge (448 lb. per ton) and the low 
flux rate. The furnaces are therefore subject to violent and pro- 
tracted ore boils, resulting in a heavy carry-over of solid particles 
in the waste-gas stream ; in spite of this, three of the furnaces have 
produced ingots at a rate exceeding 21 tons per hr. During ten 
years’ working, improvements in design enabled the 230-ton and 
980-ton fixed furnaces to be built which can carry such burdens 
continuously for campaigns exceeding 36 weeks. Details of these 
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improvements in hearth, slag-pocket and checker-chamber design 
are given. Five of the seven furnaces are all-basic except for the 
roof and downtake arches ; 95°-silica bricks are used for the roofs, 
the life of which varies with the type of fuel; an average roof life 
is 370 heats on producer-gas-fired units. Comprehensive descrip- 
tions of stockyard operations; charging, melting and tapping 
practice ; ingot-mould design and preparation ; slag control ; and 
the production of phosphorised sheet bars, of rimming steel and of 
alloy and forging steels constitute the last part of the paper. 

Recovery of Metals from Scrap. Sir H. Hartley. (Nature, 1942, 
vol. 150, Nov. 21, pp. 594-597). This paper was presented at the 
Conference on Mineral Resources and the Atlantic Charter held 
recently by the Social and International Relations of Science Division 
of the British Association. In considering the ever-increasing 
consumption of metals it is obvious that serious inroads are being 
made into the world reserves of ores; the ultimate fate of metals 
in use and their recovery as scrap are therefore matters of great 
importance. At present iron and steel represent about 93% of 
the total world tonnage of metal production. About 15-20% of 
this is lost by rusting, and in all 35% is lost irrecoverably due to 
rust, dispersal and the use of iron and steel in articles from which 
its recovery is uneconomic. Thus 65% is left to find its way back 
into use, of which 25% is process scrap which does not leave the 
steelworks. The following measures would help towards a maxi- 
mum scrap recovery: (1) The salvage of all new and as much old 
scrap as possible; (2) improved methods of segregating scrap of 
different kinds; (3) improved methods of sorting, cleaning and 
identifying old materials; (4) improved methods of putting scrap 
into suitable form for remelting; (5) arrangements to avoid the 
corrosion of scrap during long storage periods ; (6) avoidance of the 
unnecessary use of alloys, which complicates scrap recovery, and 
the reduction of the number of alloy specifications to the minimum 
necessary; and (7) the re-use of old scrap by fabrication and 
welding. 

Acid Electric Furnace Slag Control. J. Juppenplatz. (Trans- 
actions of the American Foundrymen’s Association, 1942, vol. 50, 
July, pp. 322-334). The author discusses the relation between the 
viscosity of the slag in an acid-lined electric steel furnace and the 
slag composition. He describes a modified Herty viscosimeter in 
which the slag is poured into a funnel connected to a horizontal hole 
12 in. long and } in. in dia. in an iron chill; the distance the slag 
travels along the hole before solidifying is taken as a measure of the 
viscosity. Curves are presented showing the relation between the 
slag viscosity and the SiO,, FeO, MnO and CaO contents for a 34-ton 
furnace used in a steel foundry. 

Equilibria of Liquid Iron and Simple Basic and Acid Slags in a 
Rotating Induction Furnace. C.R.Taylorand J. Chipman. (Ameri- 
can Institute of Mining and Metallurgical Engineers, Technical 
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Publication No. 1409: Metals Technology, 1942, vol. 9, Sept.). 
The authors report the results of a laboratory study of the equilibrium 
conditions between liquid iron and slags of the system (CaO + 
MgO)-SiO,-FeO prepared in a rotating induction furnace similar 
to that described by F. W. Scott and T. L. Joseph (see Journ. I. 
and S.L., 1942, No. IT., p. 1044). The solubility of iron oxide in 
liquid iron under pure iron-oxide slags was redetermined, and found 
to differ only slightly from previously reported results. The equili- 
brium oxygen content of the metal at 1600° C. was taken as a measure 
of the activity of iron oxide in the slag. The indications were that 
no compound is formed between silica and ferrous oxide at 1600° C. 
Di-calcium silicate exists as a double molecule (2Ca0.SiO,)., and 
is substantially undissociated at 1600°C. On the basic side of the 
orthosilicate, the excess lime combines with the iron oxide to 
form CaQ.Fe,0, in amounts depending on the CaO available after 
the formation of the 2(CaO.SiO,),. The effect of magnesia was 
found qualitatively to be almost the same as lime for amounts up to 
at least 10%. The solubility of nitrogen in pure iron was checked 
and found to be 0-040%. 

Silicon-Oxygen Equilibria in Liquid Iron. C. A. Zapffe and C. E. 
Sims. (American Institute of Mining and Metallurgical Engineers, 
Technical Publication No. 1498: Metals Technology, 1942, vol. 9, 
Sept.). The authors describe an apparatus which they developed 
for studying the iron-silicon-oxygen system and the manner in which 
reactions in this system affect the formation of inclusions in, steel. 
Charges of pure iron plus 97%-silicon (25 g. in all) in a silica crucible 
were placed in an electric furnace and held at temperatures of 1550°, 
1600° and 1650° C. for periods up to 5} hr. ina controlled atmosphere 
of hydrogen and water vapour. At the end of the period the crucible 
and contents were dropped from the furnace directly into water ; the 
small ingot was cleaned, sectioned and analysed. Previous investi- 
gations of the iron-oxygen-silicon system at steelmaking temper- 
ature have produced data that are in disagreement ; this appears to 
be because the equilibria cannot be expressed as a simple relationship 
between ferrous oxide and silicon. Assuming the existence of silicon, 
monoxide in liquid iron, the equilibrium constants, free-energy 
changes, heats of reaction and entropy changes were calculated for 
the temperature range 1550-1650° CG. in a form that allows extra- 
polation to other steelmaking temperatures. These results lead to 
an unusual interpretation of many steelmaking phenomena. For 
example, the total oxygen content of steels cannot be regarded as 
representing FeO, but must be taken into account for the alloying 
and deoxidising elements. As the content of the extraneous element 
increases, the total oxygen content of the steel will increase after 
some minimum has first been reached. These concepts of oxygen 
and oxides in steel lead to a re-evaluation of the importance of pure 
chemical processes in forming inclusions. ‘The reservoir of oxygen 
afforded by the dissolved silicon monoxide may offer an explanation 
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for the otherwise unwarranted presence of oxide inclusions in some 
alloy steels or cast irons of notably low oxygen pressures. 
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Forging Technique. R. Bennett. (Drop Forger, 1942, vol. 22, 
Nov., pp. 127-130). The author discusses the need for recognised 
standards in the British drop-forging industry and gives details of 
the standards of thickness tolerances, fillet radii, draft angles and 
flash thicknesses which have been adopted in the United States. 

Stretch-Forming Speeds Aircraft Production. F. C. Hoffman. 
(Iron Age, 1942, vol. 150, Oct. 1, pp. 68-77). The development of 
forming machines which combine stretching and pressing has been 
described in a previous paper on stretch-forming (see Journ. I. and 
S.1., 1942, No. II., p. 140 4). Inthe present article some refinements 
in the technique to speed up production and overcome difficulties are 
described. 

Composite Stampings Replace Forgings, Castings, Parts Machined 
from Solid Bar Stock. G. W. Birdsall. (Steel, 1942, vol. 111, Oct. 
12, pp. 82-86, 109-111). The author describes and illustrates 
numerous examples of the extended use of stampings in ordnance 
parts which have resulted in great savings in the material used as 
well as in the manufacturing time and_ cost. 
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Engineering the Treatment of 155-mm. Shell. R. F. Wilson. 
(Metal Progress, 1942, vol. 42, Sept., pp. 359-363). The author 
describes the steps taken at an American works making 155-mm. shell 
to determine the correct heat-treatment schedule so that the shells 
would have the desired physical properties. Preliminary tests on 
hardened and tempered specimens of the shell steel gave results from 
which it was decided to harden at 1500° F. and temper at 1300° F. 
A direct-gas-fired pusher furnace 50 ft. long holding 144 shells was 
used in production, and the correct temperature control was estab- 
lished by two thermocouples in the roof and by fixing a thermo- 
couple with very long leads in a hole drilled in one of the shells and 
taking temperature readings every 44 min. as the shell proceeded 
through the furnace. Some of the temperature curves are repro- 
duced and the positioning of the fixed thermocouples in the furnace 
on the basis of those curves is explained. 
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Tool Hardening ; Practice, Not Theory. R.C. Stewart. (Metal 
Progress, 1942, vol. 42, Sept., pp. 378-383, 448). The author de- 
scribes the hardening and tempering of tool steels and the equipment 
used. The relative merits of oil, water and brine for quenching are 
discussed and two devices for the water-quenching of wire-drawing 
dies are described in detail. 

Heat Treating Terms Defined. (Iron Age, 1942, vol. 150, Oct. 1, 
pp. 103, 230-233). The definitions of heat-treatment terms pro- 
posed by the Nomenclature and Definitions Committee of the Ameri-. 
can Society for Testing Materials are presented. 

Practical Gas Carburising. D. McPherson. (Machine Shop 
Magazine, 1942, vol. 3, Nov., pp. 84-91). The author points out 
that in Great Britain very large quantities of methane which might 
be used for gas-carburising are blown to atmosphere. He discusses 
some difficulties in the harnessing of the sources of supply and the 
relative merits of propane and butane as carburising gases. With 
these gases a diluent gas is required. Although water vapour is 
blamed for many irregularities in gas-carburising, its elimination 
from diluent gases is an expensive and tedious process; with a slightly 
carburising diluent gas it is both uneconomic and unnecessary to 
devise elaborate methods of dehydration. A novel and successful 
method of carburising using diluted town gas has been developed, in 
which the proportion of available methane is artificially increased by 
prior removal of hydrogen. A gas-carburising furnace constructed 
from an electric reheating furnace is described in detail. Some results 
attained with producer gas enriched with butane are discussed. It 
was found necessary to reduce the butane concentration as carburis- 
ing proceeded to prevent the formation of soot on the charge. In 
experiments with 98% methane and charcoal producer gas it was 
found that the volume of methane required was appreciably greater 
than either butane or propane. Whereas the methane concentration 
could be varied by 5 % without greatly disturbing the rate of pene- 
tration of the carbon, butane and propane had to be controlled within 
a very narrow range. 

Carburizing Characteristics of 0-20 Per Cent Carbon Alloy and 
Plain Carbon Steels. G.K. Manning. (American Society for Metals, 
Oct., 1942, Preprint No. 5). The author studied the effect of the 
compositions of the steels and the carburising compounds, the cooling 
rate, and the carburising time and temperature on the carbon, content 
and depth of the case produced on eight different carbon and alloy 
steels (nickel, molybdenum, nickel-molybdenum and chromium- 
nickel steels), all of which contained about 0:2% of carbon. Five 
commercial carburising compounds on a coke and/or charcoal basis, 
containing sodium, calcium, barium and iron in various proportions, 
were used. The investigation led to the following conclusions : 
(1) Alloying elements, when present in the amounts generally found 
in carburising steels, have no marked effect on the depth of the case. 
(2) With some carburising compounds the presence of chromium 
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may lead to excessive accumulation of carbon in the surface—an 
effect which is to some extent counteracted by nickel. (3) The rate 
of cooling has no appreciable effect on the carbon content of the 
case. (4) The carbon content and.the depth of the case increase 
with the carburising time and temperature. 

Advances in Fast Surface Hardening. F. O. Hess. (Metal 
Progress, 1942, vol. 42, Sept., pp. 399-403). The author describes 
recent advancements in the design of burners for flame-hardening. 
These are designed to burn pre-mixed fuel gas and air, not acetylene 
and oxygen, and their use does not therefore depend on the 
availability of oxygen. In one type of burner the combustion zone 
is superheated ; this zone is almost enclosed in a rectangular chamber 
in the bottom of which are the holes supplying the gas mixture; two 
opposite sides of the chamber are of ceramic material, which becomes 
incandescent, and thus radiates heat and accelerates the gas reactions 
occurring in the combustion zone; opposite the flame holes there is 
a constricted outlet from which the heat is emitted to the part 
to be hardened. Another burner is known as the radiant type. In 
this the flame burns in a bowl-shaped ceramic block; the surface of 
the bowl becomes incandescent and the rate of heat transfer from 
the burner to the part is thus greatly increased. 

Automatic Steel-Hardening Machines. (Engineering, 1942, vol. 
154, Dec. 4, p. 447: Metallurgia, 1942, vol. 27, Nov., pp. 1-2). Two 
automatic ‘‘ Shorter ” flame-hardening machines are described and 
illustrated. One is for repetition work on small parts; in this machine 
the heating and quenching cycles are controlled by two electric 
clocks which are pre-set to times which have been determined by 
stop-watch tests. The second machine is for hardening longitudinal 
surfaces such as machine-tool beds, straight edges and blades. 

Surface Hardening. R. Trautschold. (Steel, 1942, vol. 111, 
Oct. 26, pp. 64-65, 97, 98). The author describes the “‘ Ni-Carb ” 
process of case-hardening in which a mixture of a carburising gas 
and ammonia is used, and gives some details of different types of 
furnaces for “ Ni-Carb”’ hardening at the works of the General 
Motors Corporation. 

Some Observations on the Formation and Stability of Oxide Films. 
HK. A. Gulbransen. (Electrochemical Society, Oct., 1942, Preprint 
82-19). The authors studied the formation and stability of oxide 
films on pure electrolytic iron, 12% chromium iron and stainless 
steel by means of a vacuum micro-balance and a new technique of 
reduction with hydrogen at 350° 0. Oxide films were found to 
form at oxygen pressures as low as 10-* atm., and to be stable down 
to a vacuum of 5 x 10-§ mm. of mercury and at temperatures of 
up to 600°C. On iron passivated in 70% nitric acid a film of 
1-1 x 10-® g. per sq. cm. was formed, which corresponds to a thick- 
ness of 78 A., whilst the weight of a film formed in air was 0-44 x 
10-6 g. per sq. cm., corresponding to 29 A. Water was shown to be 
adsorbed on pure iron at room temperature, and the film was 
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stable down to a vacuum of 5 x 10-* mm. of mercury, but not at 
temperatures above 600° C. Degassed electrolytic iron was shown 
to react readily with oxygen at room temperature and pressures 
as low as 10-6 atm., and at 800° C. at a pressure as low as 3-3 x 10-7 
atm. Preliminary oxidation curves of stainless steel, 12°, chromium 
steel and electrolytic iron are presented and discussed, special 
reference being made to the behaviour of the two former in a vacuum 
of 5 x 10-§ mm. of mercury at 600° C. and in a hydrogen atmosphere 
at 600° and 800° C. 

The Tempering of Two High-Carbon High-Chromium Steels. 
O. Zmeskal and M. Cohen. (American Society for Metals, Oct., 
1942, Preprint No. 31). The authors examined the mechanism of 
the structural changes which accompany the tempering of two 
chromium steels (with carbon 1% and 1-5% and chromium 5% 
and 12% respectively) by means of magnetic, dilatometric and X-ray 
measurements. In general, in the hardened state the steels contained 
tetragonal martensite, retained austenite and undissolved carbides. 
During the early stages of tempering, the martensite changed from 
the tetragonal to the cubic form, and this was followed by precipita- 
tion of non-magnetic carbides. 

The Hardening of Tool Steels. P. Payson and J. L. Klein. 
(American Society for Metals, Oct., 1942, Preprint No. 29). The 
authors studied factors affecting the hardenability of eleven com- 
mercial tool steels ranging from an unalloyed 1% carbon steel to 
18/4/1 high-speed tool steel. The transformation-temperature /time 
curves for the steels are presented and the necessity of cooling them 
to low temperatures in the hardening operation before tempering is 
emphasised. 

Practical Suggestions Concerning the Heat Treatment of Tool 
Steels. J. E. Erb. (Iron Age, 1942, vol. 150, Oct. 8, pp. 47-50). 
The author describes some of the procedures for heat-treating tools 
as employed at the Schenectady Works of the General Electric Co. 

Heat Treating Molybdenum High-Speed Steel. W. R. Breeler 
and W. H. Wills. (Steel, 1942, vol. 111, Oct. 12, pp. 95-98). The 
authors present heat-treatment and hardness data for three types of 
molybdenum tool steels, the analyses of which are given below : 


Type I. Type II. Type III. 
Carbon : é : 0:75-0-85 0:75-0:85 0:75-0:90 
Tungsten : : ; 1-25-2-00 5:00-6:00 te 
Chromium . : : 3:50-4:50 3:50-4:50 3:50-4:50 
Vanadium . : : 0:90-1:50 1-40-1-60 1-50-2-25 
Molybdenum 5 é 8:00-9:50 4:00-5:00 7-50-9-50 


These steels have been developed in the United States as substitute 
for the 18/4/1 high-speed steel. 


(aS) 


WELDING AND CUTTING 


(Continued from pp. 56 4-58 A) 


Weldability of Substitute Steels. A.B. Kinzel. (Metal Progress, 
1942, vol. 42, July, pp. 71, 136-138). In expansion of an earlier 
paper on specifying the weldability of steels (see Journ. I. and S.L., 
1942, No. I, p. 149 a) the author now describes the procedure for 
ascertaining the suitability of a steel for making a welded assembly 
to duplicate an assembly originally made of a different steel. 

The Effects of Residual Stress and External Restraint on Some 
Welding Characteristics of SAE X-4130 Steel Tubing. G. Sachs and 
W. E. Davis. (Welding Journal, 1942, vol. 21, Sept. pp. 427-S— 
433-S). The authors report the results of an investigation of the 
effects of residual stress and of mechanical restraint while welding 
on, the welding properties of steel tubes. Specimens 2 in. long of 
13-in.-outside-dia. low-alloy steel tube (carbon 0-25-0-35%, chrom- 
ium 0-80-1:10% and molybdenum 0-15-0-25%) were welded by 
depositing a single bead on them in the longitudinal direction. 
Residual stresses before and after welding were determined by slitting 
specimens and measuring the change in diameter. The stress set up 
by welding a tube initially free from stress was insignificant and 
restricted to the vicinity of the weld bead. Welding a tube with an 
initial residual stress had a stress-relieving effect, and this effect 
increased with the magnitude of the initial residual stress; the 
effect was also increased by increases in the welding current and the 
diameter of the electrode. 

Expansion and Contraction. H. H. Griffith. (Welding Journal, 
1942, vol. 21, Sept., pp. 591-593). The author points out how the 
expansion and contraction of metals affect welding operations, and 
gives practical advice, with some illustrations of examples, oa 
simple methods by which the welder can overcome contraction diffi- 
culties. The coefficients of expansion and melting points of alumin- 
saan bronze, copper, stellite, steel and cast iron are given in 
a table. 

Effect of Zinc Chromate Paint on Welding. C.'T. Galey. (Weld- 
ing Journal, 1942, vol. 21, Sept., pp. 434-S—439-S). In order to 
ascertain whether the presence of a zinc-chromate priming coat on 
steel affected the soundness and strength of welds made without 
removing the coating, the authors carried out numerous tensile tests 
and bend tests on T-pieces of mild and high-tensile steel. No 
increase in porosity of the weld metal was established by X-ray and 
metallographic examination, and no detrimental effect on the 
mechanical properties was observed. 

Progress Report on the Use of Flash Welding as a Means of 
Fabricating Aircraft Structural Parts from X-4180 Steel. R. P. 
Della-Vedowa. (Welding Journal, 1942, vol. 21, Sept., pp. 421-S— 
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426-8). The Author reports the results of tensile tests on flash-butt 
welded tubing of chromium-molybdenum steel with different settings 
of the welding machine. Oscillograms showing the fluctuations in 
current, voltage and the die travel were obtained, and curves are 
presented which show the correct settings for the controls of the 
machine for tubes of various diameters and wall thicknesses. The 
data obtained proved that good joints of tensile strength equal to 
that of the tube itself could be consistently obtained, and that the 
process had several economic advantages. 

Welding Chromium Steels. Part I1—Welding Aircraft Cr-Mo 
Steels. Part Ill Welding Heat-, Wear- and Corrosion-Resistant 
Chromium Steels. W. Spraragen and H. H. Chiswik. (Welding 
Journal, 1942, vol.'21, Sept., pp. 389-S-415-S). The authors present 
a comprehensive review of the literature from July 1937 to December 
1941 on the welding of chromium-molybdenum aircraft steels, 
chromium-silicon-molybdenum heat-resisting steels, 46% chrom- 
ium steels and chromium-nickel stainless steels. 

Welding Metallurgy. Volume II. Part V. Fluxes and Slags. 
O. H. Henry and G. E. Claussen. (Welding Journal, 1941, vol. 20, 
June, pp. 374-381). Continuation of a series of articles (see Journ. 
I. and S.1., 1941, No. I.,p.178 4). In this part the authors explain 
why fluxes and slags are necessary in many metallurgical processes, 
and point out the desirable properties of a flux, in particular those 
of welding fluxes. 

Jigs for Flame Cutting Curved Surfaces. C. N. Holwill and A. N. 
Kugler. (Welding Journal, 1942, vol. 21, Sept., pp. 609-610). The 
authors describe and illustrate some ingenious jigs and control 
devices designed to facilitate the rapid and accurate oxy-acetylene 
machine cutting of holes and slots in 3-in. and 16-in. steel pipes. 
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How to Select Efficient Cutting Tools. L. J. St. Clair. (Iron 
Age, 1942, vol. 150, Oct. 1, pp. 60-67). In the course of long ex- 
perience with cutting tools the author has found that a tool can be 
selected for a particular class of work by reference to the three 
factors hardness at room temperature, red hardness and toughness. 
Thus, the tensile strength of the material to be cut and the depth 
of cut to be taken at once limit the choice of a suitable tool steel. 
The author presents a table in which the common metals and alloys, 
rubber and plastics are classified according to their tensile strength, 
and suitable tool steels for making light, medium and heavy cuts 
are shown opposite each material. 

The Grinding of Carbon and High-Speed Steels. A. J. Schroeder. 
(Metallurgia, 1942, vol. 26, June, pp. 61-63). The author describes 
equipment for grinding lathe and planing-machine tools, gives a 
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diagram showing the names of the angles and faces on tools and 
discusses gauges for testing the correctness of tool angles. 

Tipped High Speed Steel Tools Give Improved Performance. 
L. J. St. Clair. (Iron Age, 1942, vol. 150, Aug. 6, pp. 52-55). The 
author describes and illustrates some examples of tools tipped with 
cobalt high-speed steel which have given better performance than 
tools made of high-speed steel throughout. The tips are brazed to 
the shanks without the hardness of the tip being affected. 
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(Continued from pp. 21 a—22 a) 


Streamlining Pickle-House Procedure. J. H. Richards, jun. 
(Wire and Wire Products, 1942, vol. 49, Mar., pp. 453-454, 482, 483). 
It is common practice in wire-drawing to pass the wire through an 
alkaline bath and give it a hot-water rinse after pickling in hydro- 
chloric acid. In the present paper the author suggests a procedure 
which has been successfully used in which the alkaline bath and the 
rinse are replaced by a single treatment in a bath containing a 
proprietary compound. The coils are dipped in the bath, and the 
solution will then dry off in air in less than a minute; a rust- 
inhibiting coating is left on the wire, which is then ready for coating 
with lime. 

Utilization of Pickle Liquor. F.J. van Antwerpen. (Industrial 
and Engineering Chemistry, Industrial Edition, 1942, vol. 34, 
Oct., pp. 1138-1141). The manufacture of “ Ferron’’ building 
blocks from crushed rock quick-lime and waste pickling liquor has 
already been described by M. J. Rentschler (see Journ. I. and S§.I., 
1939, No. I., p. 289 4). In the present paper the author describes 
a more recently developed technique for treating the slurry formed 
in the early stages of the “‘ Ferron”’ process in a high-pressure 
board press to make plaster boards. The properties of these boards 
and their use for the internal walls of houses are discussed. 

Evaluation of a Surface Active Agent for Metal Cleaning. O. M. 
Morgan and J. G. Lankler. (Industrial and Engineering Chemistry, 
Industrial Edition, 1942, vol. 34, Oct., pp. 1158-1161). A Surface 
Active Agent for Metal Cleaning. O. M. Morgan and J. G. Lankler. 
(Metal Industry, 1942, vol. 61, Dec. 4, p.361). The authors describe 
tests with alkaline cleaning solutions containing a surface-active 
agent called “Nacconol NR”; chemically this is an alkyl aryl 
sodium sulphonate having a long alkyl chain. Specimens of cold- 
rolled steel sheet, galvanised steel, tinplate, aluminium and brass 
were dipped in a mineral oil before washing in the test solution, and 
the effects of hard water, time and temperature on the degree of oil 
removal were determined by photographing the specimens under 
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ultra-violet light in which any remaining traces of mineral oil 
exhibited a bright fluorescence. The addition of the above agent to 
sodium metasilicate and other solutions enabled the cleaning time, the 
operating temperature and the concentration of the solution required 
to produce an absolutely oil-free surface to be considerably reduced. 

Removing Heat-Treat Scale. (Steel, 1942, vol. 111, Sept. 28, 
pp. 64-66). Particulars are given of the “ Wheelabrator ”’ shot- 
blast unit for removing scale from the inside and outside of steel 
tubes (see p. 21 A). 

Continuous Feed Dry Process for Removing Scale. (Wire and 
Wire Products, 1942, vol. 17, Sept., pp. 463-466). <A brief de- 
scription is given of the ‘“‘ Drei-Brite ’ process of removing scale 
from hot-rolled rods and strip. The process is a continuous one, 
in which as many as sixteen rods at a time can be pulled through 
a scouring chamber 74 in. wide and 30 ft. long. In this chamber 
angular steel grit is blown with a turbulent motion, which thoroughly 
cleans all the surface of the rods or strips in one pass. The grit is 
automatically returned to the hopper and mixing chamber and is 
used over again. 
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(Continued from pp. 23 4-29 a) 


Rust-Proofing of Ferrous Metals in Light Engineering Practice. 
H. Silman. (Sheet Metal Industries, 1942, vol. 16, July, pp. 997— 
1008; Aug., pp. 1173-1180; Sept., pp. 1344-1351, 1370; Oct., 
pp. 1531-1536). In this review of modern metal-finishing processes 
the author deals in succession with electrodeposited and immersion 
coatings, the conversion of the surface of the metal to one of its 
more resistant compounds, metal spraying, cementation, cladding, 
the application of an organic coating (usually but not always a paint 
or lacquer), and vitreous enamelling. ; a he 

How to Avoid Use of Critical Materials by Protecting and Finishing 
Metal Surfaces. C. B. Young. (Steel, 1942, vol. 111, Oct. 19, 
pp. 64-65, 84-91). The author reviews methods of producing 
protective surfaces on metals using heat and chemical treatments 
only. The temperatures of heat treatment to produce blue oxide 
coatings on steel are given. Black surfaces can be produced by 
heating within the 1000-1200° F. range and quenching in oil. The 
nitre bath consists of a mixture of equal parts of sodium and potas- 
sium nitrate with some manganese dioxide ; this is heated to about 
900° F., and produces a blue oxide film. Some details of the follow- 
ing proprietary processes are given : “* Black Magic, Ebonol, 
‘“ Houghto-Black,” “ Jetal,” *« Pentrate,”’ Irco-Izing and. 
“W.O. No.1.” 
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The Adherence of Thick Silver Plate on Steel. I. H. L. 
Crosby and L. I. Gilbertson. (Electrochemical Society, Oct., 
1942, Preprint 82-20). In an earlier paper (see Journ. I. and al Fe 
1939, No. I., p. 36.4) one of the authors (L. I. Gilbertson) showed 
that a preliminary silver strike is essential to good adherence of 7e 
silver plate on steel. The purpose of the work described in the 
present paper was to study the structure of electrodeposited silver, 
particularly with regard to the effect of striking. Microscopic 
examination indicated that the adherence of silver on steel is de- 
pendent on factors other than interlocking. The authors suggest 
that the strike produces crystal nuclei at the edges of ferrite crystals 
and that the columnar, usually twinned, silver crystals formed on 
electrodeposition grow from these nuclei. The most important 
factor controlling the adherence of the silver plate on steel is, there- 
fore, the intra-atomic bond between closely associated crystals of 
ferrite and silver, which seems to be enhanced by the use of a silver 
strike before plating. 

The Structure of Brush-Plated Silver. H. L. Crosby and L. I. 
Gilbertson. (Electrochemical Society, Oct. 1942, Preprint 82- 
21). The authors studied the nature of silver electrodeposited by 
means of a brush electrode on hot-rolled mild steel. They found by 
microscopic examination that the deposits are of lamellar structure 
and suggest that this is the cause of their low porosity and, con- 
sequently, their great protective value. 

The Effect of Copper on Hot-Dip Zinc Coatings. W. G. Imhoff. 
(Wire and Wire Products, 1942, vol. 17, Aug., pp. 391-396, 422, 
423). The author reviews the available information on the effect 
of copper, whether deliberately added or originating from the ores 
used in zinc manufacture, on the quality and corrosion resistance of 
zine coatings. The subject is dealt with under the headings: (a) 
Copper in zinc; (b) copper in the galvanising bath; (c) copper in 
galvanising pot material; (d) copper in zine coatings; (e) effect 
of copper on the corrosion of zine coatings ; (f) copper in the dross 
and skimmings. Standard prime slab zinc as supplied to United 
States galvanisers does not contain copper, and remelted zine may 
contain only up to 1% of copper. It is not practicable to galvanise 
copper articles because copper is readily attacked and dissolved by 
molten zine at galvanising temperatures. In the author’s opinion 
it is not harmful to have traces of copper in the steel of which the 
galvanising pot is made but the amount should certainly be less 
than 05%. Almost as great an improvement in corrosion “re- 
sistance will be obtained by small additions of copper in the zinc 
bath as that obtained by adding copper to steel. Brauer and Peirce 
state that about 0-5% of copper in a zine coating strongly retards 
oxidation and any amount up to 5% is beneficial. The author 
has found however that additions of more than about 0-2% of copper 
to the zinc in a hot-dip bath caused a red copper-oxide smear to 
appear on the zine coating. 
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Electro-Tinplate. W. E. Hoare. (Metallurgia, 1942, vol. 26, 
Aug., pp. 137-139; Oct., pp. 219-221). After discussing the tin 
shortage and tin requirements of the United States, the author 
points out that one method of conserving tin is the increased use 
of the electrolytic tinning process with its ability to deposit ex- 
ceedingly thin coatings. The alkaline and acid baths for electrolytic 
tinning are then described. The major advantage of the former is 
that it has an intrinsic cleaning action on work placed in it, so that 
a high degree of cleanliness of the steel surface is not necessary. 
Data from previously published descriptions of acid and alkaline 
electrolytic tinning plants are quoted. Good progress is being made 
in the United States with the process of ‘‘ flow brightening.” A 
surface with a higher polish, good lacquering capacity and increased 
corrosion resistance is obtained by flow brightening, which involves 
heating the tinned strip to just above the melting point of the 
coating for a comparatively short time. One method is to pass the 
strip through a double reservoir of oil; the two compartments of 
the tank are connected by a sloping duct, through which the strip 
passes from the hot oil section to the cold oil section ; this ensures 
rapid freezing of the fused coating. 

Electro-Tinning. S. Baier. (Monthly Review of the American 
Electroplaters’ Society, 1942, vol. 29, Sept., pp. 735-749). The 
author gives a comprehensive account of electrolytic methods of 
coating steel with tin, including some recommended analytical 
methods of controlling the solutions. 

Tin Plating from the Potassium Stannate Bath. M. M. Sternfels 
and F. A. Lowenheim. (Electrochemical Society, Oct., 1942, 
Preprint 82-24). The authors investigated the properties of 
potassium-stannate /potassium-hydroxide plating baths with a view 
to retaining the advantages of the usual alkaline bath while extend- 
ing its useful range of current densities and concentrations. They 
observed the following effects when substituting potassium for 
sodium in stoichiometrically equivalent quantities: The conductivity 
was increased by about 25%, and the cathode efficiency was notably 
raised, whereas the anode efficiency was not greatly affected. The 
higher solubility of potassium stannate permits the baths to be oper- 
ated at temperatures unattainable with the corresponding sodium 
salt baths, so that higher conductivities and electrode efficiencies 
can be achieved. The deposits obtained compare favourably 
with those from sodium stannate baths. In conclusion the authors 
indicate possible fields of application of the potassium-stannate 
tinning bath, referring especially to the electro-tinning of steel strip. 

Modern Wire Enamelling Equipment. 0.8. Haskell. (Wire and 
Wire Products, 1942, vol. 17, Sept., pp. 447-450, 476, 477). The 
author describes and illustrates machinery and equipment at the 
wire department of the General Electric Co., Schenectady, for the 
enamelling of wire from 8 gauge down to sizes smaller than 40 


gauge. 
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Bonderised and Lacquered Steel Sheet. L. Schuster. (Iron and 
Coal Trades Review, 1942, vol. 145, Nov. 20, pp. 1169-1171). An 
abridged English translation is presented of the author’s recent 
review of German methods of bonderising and lacquering food cans. 
The corrosion resistance and physical properties of the cans are 
dealt with. The original paper appeared in Stahl und Eisen, 1942, 
vol. 62, Aug. 13, pp. 685-694 (see p. 34 A). 

Temporary Protective Coating. (Steel, 1942, vol. 111, Oct. 5, 
p- 126). Some particulars are given of “ Carbozite,” a black liquid 
used for the temporary protection of steel surfaces during transport 
and storage. This fluid dries rapidly to a hard gloss, which is re- 
sistant to acids, alkalis, moisture, sea air and temperatures up to 
about 400° F. Carbozite is made from a bituminous ore occurring 
in the Western United States. 
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(Continued from pp. 58 Aa-64 4) 


Influence of Strain Rate on Strength and Type of Failure of 
Carbon-Molybdenum Steel at 850, 1000 and 1100 Degrees Fahr. 
R. F. Miller, G. V. Smith and G. L. Kehl. (American Society for 
Metals, Oct., 1942, Preprint No. 24). The authors describe a tensile 
testing machine with which specimens can be tested to fracture at a 
selected uniform rate of strain at any desired temperature, and report 
the results of tests on pearlitic and spheroidised carbon-molybdenum 
steel. As the strain rate was decreased, the tensile strength de- 
creased, the elongation first increased and then decreased, and the 
mode of fracture changed from intragranular to intergranular. It 
was concluded that intergranular failure is normal in metals strained 
slowly at elevated temperatures, and that this does not necessarily 
indicate deterioration of the material or lack of plasticity preceding 
fracture. 

Stress-Strain Measurements in the Drawing of Cylindrical Cups. 
K. L. Bartholomew, jun. (American Society for Metals, Oct., 
1942, Preprint No. 9). The author reports on the results of stress- 
strain measurements on §.A.E. 1010 deep-drawing steel sheet and 
on several non-ferrous alloys during drawing into cylindrical cups 
from blanks of various diameters. He represents the data obtained 
in the form of s-q’ curves, as suggested in a paper by MacGregor 
(see Journ. I. and §.I., 1940, No. ID., p. 153 4). He points out, 
however, that it is not necessary to trace these curves in practice, 
but that it is sufficient to measure the elongation at maximum 
tensile load prior to necking down. The magnitude of the actual 
stresses in tensile tests is correlated with the tensile stresses in the 
cup walls of blanks of maximum diameter, i.e., the diameter re- 


PROPERTIES AND THSTS. 95 A 


presenting the limit of drawability of any metal for given conditions. 
The tensile test data can thus be used to determine this diameter, 
and they can, in fact, be considered to be an index of the drawability 
of a metal. The maximum blank diameter can be determined with 
an accuracy of + 0-05 in. 

The Yield Point in Steel. C. A. Edwards, D. L. Phillips and 
Y.H. Liu. (fron and Steel Institute, 1943, this Journal, Section I.). 
Some of the explanations which have been offered to account for 
the phenomena of the “ upper ”’ and “ lower ” yield points in mild 
steel during tensile testing have been examined. It is confirmed 
that the behaviour of mild steel in this respect is an intrinsic pro- 
perty of the material, and is not due to the inertia of the testing 
equipment. It is also confirmed that the value of the yield stress 
is affected by the rate of loading. No support has been obtained for 
the hypothesis that the yield point is due to some kind of retardation 
in the ability of the metal to react to increasing stresses, if in- 
sufficient time is given for plastic deformation to be initiated, 
and that no yield point would be shown in mild steel if extremely 
slow rates of loading were used. The yield point in mild steel can 
no longer be attributed to the body-centred cubic lattice structure, 
since similar kinds of yield points have been found with alloys in 
which the solvent metals possess the face-centred structure. The 
authors believe that when a yield point is obtained, it is associated 
with the presence in the metal of an element which is more soluble 
at high than at low temperatures, and with a treatment which 
causes this element to be precipitated on certain planes of slip 
within the crystals. 

Notched Bar Tensile Tests on Heat Treated Low Alloy Steels. 
G. Sachs and J. D. Lubahn. (American Society for Metals, Oct., 
1942, Preprint No. 8). The authors carried out tensile tests on 
notched bars of low-alloy steels containing carbon 0-4% and nickel, 
nickel plus chromium, chromium plus molybdenum and chromium 
steel, and 1-8°% manganese steel which had been tempered at various 
temperatures. They found that the ductility of the steel was con- 
siderably reduced in the notched section. The strength of such soft 
steels was increased by a percentage which was approximately equal 
to the percentage reduction of the cross-sectional area due to the 
notch. A shallow notch did not seriously affect the notch strength or 
the notch ductility of stronger steels. The ductility of deeply notched 
specimens, however, was nearly zero and their strength greatly re- 
duced. This condition prevailed for steels with an ultimate strength 
of between 220,000 and 280,000 Ib. per sq. in., although the ductility 
given by ordinary tensile tests remained almost as high in this strength 
range as for softer steels. The embrittling effect of overheating and 
large size of the specimen section, which does not play any réle in 
ordinary tensile tests, affected the results of notched-bar tensile 
tests. ‘The authors’ findings lead to the conclusion that ordinary 
tensile tests should be replaced by notched-bar tensile tests if the 
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purpose is to establish the suitability of a steel for commercial 
applications involving shoulders, key-ways and other irregularities 
in shape that produce an effect similar to that of adeep notch. The 
authors correlate their test results with the shape of the stress- 
strain curve for the notched section, and with previous conceptions 
of the laws of plastic flow and stress distribution in a notched 
section. 

Effects of Notching on Strained Metals. G. Sachs and J. D. 
Lubahn. (Iron Age, 1942, vol. 150, Oct. 8, pp. 31-38; Oct. 15, 
pp. 48-52). The authors review the literature on the effect of 
notches on, the tensile strength of metals and on the distribution of 
stress in tensile specimens. 

The Tensile-Impact Resistance of Carbon-Molybdenum Welds 
at Elevated Temperatures. O. H. Henry and M. A. Cordovi. 
(Welding Journal, 1942, vol. 21, Sept., pp. 416-S-420-S). The 
authors report the results of hardness, tensile and impact tests at 
temperatures of 70°, 550°, 770°, 900° and 1000° F. on specimens 
cut from welded joints in tubing in which a tube of 2-259 -chromium 
1%-molybdenum steel was welded to a 1%-molybdenum steel tube 
using molybdenum steel electrodes. A pendulum-type Tinius- 
Olsen impact machine adapted for tensile-impact testing was used. 
The tensile-impact strength was highest at room temperature ; 
it decreased slightly in the “ blue heat’ range and was lowest at 
950° F. The elongation dropped to about 55% of its original value 
in the 700-750° F. range and then increased ; at 1000° F. it was only 
3% smaller than at room temperature. 

The Effect of Moderate Cold Rolling on the Hardness of the Surface 
Layer of 0:34 Per Cent. Carbon Steel Plates. H. K. Herschman. 
(American Society for Metals, Oct., 1942, Preprint No. 34). The 
author investigated the effect of cold-rolling on the surface hardness 
of annealed 0-34%-carbon steel plate the surface of which was 
finished prior to cold-rolling by three different methods—viz., 
grinding, buffing and metallographic polishing. The experimental 
data showed that the Knoop hardness number for the surface layer 
was lower after cold-rolling reductions of 1% and 2% than it 
was prior to rolling. The most significant decreases in hardness 
appeared to occur in a layer less than 0-0003 in. thick. 

The Resin Method of Indicating Yield. J.S. Blair. (Engineer, 
1942, vol. 174, Dec. 4, pp. 455-456). In the testing of steel struc- 
tures, tubular assemblies and even complex structures up to 100 ft. 
span, the method of coating with resin to reveal the position of 
localised stresses, Liiders lines and to make stress analyses has been 
used with success, but the success depends largely on the correct 
application of the resin. The author describes methods of applying 
the resin and discusses some results obtained. Any coating such 
as paint must be removed first. A small test-piece should be 
dipped into a bath of molten resin at 140° C. and left in it long 
enough for the whole of the piece to reach the temperature of the 
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bath. Larger test-pieces may be coated partially or wholly by 
heating the surface with a blow-lamp and coating them piecemeal. 
The temperature is very important, for if it is too high, the resin 
will either burn or run off and leave practically no coating; if, on 
the other hand, it is too low, the resin will stick and not wet the 
surface properly. 

Fatigue Strength of Normalized and Tempered Versus As-Forged 
Full Size Railroad Car Axles. O. J. Horger and T. V. Buckwalter. 
(American Society for Metals, Oct., 1942, Preprint No. 10) The 
authors report on rotating-cantilever fatigue tests made on forty- 
eight full-size railway car axles to determine the fatigue strength 
of the axle wheel seat on which the wheel is pressed. Plain carbon 
steels with 0-39-0-53% of carbon were examined in the as-forged 
as well as in the normalised and tempered condition. It was found 
that the fatigue resistance in the wheel seat of as-forged axles is 
greater by one-third than that of normalised and tempered axles 
of practically the same carbon content. Also in two groups of as- 
forged axles, the resistance to the initiation of fatigue cracks was 
greater by one-third in the group including the steels with about 
0:5% of carbon than it was in that including the steels with about 
0-4°% of carbon. 

File-Hardness Testing. J. H. Hruska. (Iron Age, 1942, vol. 
150, Sept. 24, pp. 35-39). The author describes methods of testing 
the hardness of files, especially that of small square test-files which 
are used for scratch-testing metal surfaces. 

The End-Quench Test: Reproducibility. M. Hill. (American 
Society for Metals, Oct., 1942, Preprint No. 11). The author reports 
on an investigation of the reproducibility of the results obtained in 
the §.A.E. standard end-quench hardenability test. Cooling curves 
were plotted from data obtained with thermocouples in holes in the 
specimen at different distances from the quenched end. It was 
found that the transformations could be predicted from the cooling 
curve and the S-curve for the particular steel. The only testing 
condition which must be rigorously controlled is that there must be 
no scale on the quenched end of the specimen. 

The End-Quench Test : Hardenability of Aircraft Steels and its 
Representation. M. Hill. (American Society for Metals, Oct., 
1942, Preprint No. 12). The author presents and discusses data on 
the hardenability of a number of United States low-alloy steels for 
aircraft construction. Considerable variations within single heats 
were found by the S.A.E. standard end-quench test. To facilitate 
the comparison of numbers of curves representing the relation 
between the Rockwell C hardness and the distance from the quenched 
end, the author developed a system of representing each curve by 
three straight lines, for in all cases three (or less) straight lines could 
be drawn such that the distance between the curve and one of the 
lines was never greater than 3 points. ‘The position of these straight 
lines was denoted by two numbers representing a starting point 
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and the slope. The usefulness of this system is demonstrated by 
examples. 

Hardenability Control of a1 Per Cent Carbon Steel. G. R. Barrow 
and G. Soler. (American Societyfor Metals, Oct., 1942, Preprint 
No. 13). The authors describe how a method of predicting the 
hardenability of a 1% carbon steel was developed by using data 
collected for more than 600 heats of the steel which were made in an 
electric furnace by the double-slag process. The Jominy and 8.A.E. 
end-quench hardenability tests were insufficiently sensitive for this 
shallow-hardening steel, and a special test was used. Specimens 
1 in. in dia. were normalised for 1 hr. at 870° C. and quenched from 
775° C. in a brine spray of 1-070-1-074 sp. gr. ; the brine temperature 
was kept at 100° F. and a constant pressure was maintained. The 
specimens were then sectioned and etched, and the depth of the 
hardened zone was measured. The system evolved was that the 
steel was classified into one of five degrees of hardenability which 
depended on the sum of the manganese, silicon, chromium and 
nickel contents. 

Some Aspects of Strain Hardenability of Austenitic Manganese 
Steel. D. Niconoff. (American Society for Metals, Oct., 1942, 
Preprint No. 32). The author reports on a further stage of his 
investigation of the strain-hardenability of a 12-5°% manganese steel 
(see Journ. I. and S8.I., 1941, No. I, p. 106 4). It was desired to 
determine whether the capacity to harden when cold-worked was 
affected by the extent of the decomposition of the austenite. It 
was found that the maximum strain-hardness attainable in an 
austenite manganese steel of a given composition was practically the 
same, irrespective of variation in structure and initial hardness 
induced by different heat treatments. 

The Effect of Hardness on the Machinability of Six Alloy Steels. 
O. W. Boston and L. V. Colwell. (American Society for Metals, 
Oct., 1942, Preprint No. 4). The authors studied the effect of the 
hardness of steel on its machinability by means of a series of lathe- 
tool life tests on six commercial alloy steels in the quenched and 
tempered state. The material and shape of the cutting tool, the 
size of the cut and the cutting fluid represented commercial practice. 
The steels gave a wide range of machinability ratings, particularly 
in the high hardness range. There appeared to be a direct relation- 
ship between the hardenability and the machinability of the harder 
steels, t.e., exceeding 400 Brinell; with these one of the conditions 
for good machinability was that the steels must possess a high degree 
of hardenability or uniform hardness penetration. 

Magnetic Materials. A.J. Corson. (General Electric Review, 
1942, vol. 45, Oct., pp. 573-575). The author discusses how the 
application of modern magnetic alloys has improved the design and 
performance of A.C. and D.C. electrical indicating instruments. 

The Detection of Cracks in Castings by an Electrical Method. 
B. M. Thornton. (Foundry Trade Journal, 1942, vol. 68, Nov. 26, 
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pp. 277-278). In an earlier paper a description was given of an 
instrument for testing the wall thickness of castings from one side 
only (see Journ. I. and §.1., 1942, No. I., p. 37.4). In this paper 
some experiments with the same type of instrument to detect cracks 
in castings are described. The method is essentially that of com- 
paring the electrical resistance of the metal wall under test with that 
_of a similarly shaped wall of the same material which is known to 
be free from flaws. The tests described detected cracks in pieces of 
2-in. cast-iron plate. 

The Fluorescent Penetrant Method of Detecting Discontinuities. 
T. de Forest. (American Society for Metals, Oct., 1942, Preprint 
No. 19). The author describes a new method of testing metals to 
discover surface defects. The part to be examined is immersed in or 
-eoated with a thin penetrative oil carrying an oil-soluble fluorescent 
agent ; the excess of the fluorescent liquid is washed off with water, 
the part is then dried and coated with a very fine powder, which 
draws the liquid back out of any cracks or defects; finally, an 
examination is made under ultra-violet light, when the position of 
cracks is revealed by the white fluorescence of the liquid absorbed 
by the powder. 

True Stress-Strain Relations at High Temperatures by the Two- 
Load Method. ©. W. MacGregor and L. E. Welch. (American 
Institute of Mining and Metallurgical Engineers, Technical Publica- 
tion No. 1507: Metals Technology, 1942, vol. 9, Sept.). A method. 
of obtaining true stress-strain data in tensile tests by observation of 
the maximum load and the load at fracture has already been described 
by C. W. MacGregor (see Journ. I. and S.I., 1940, No. I., p. 295 4). 
The authors now report on an investigation of the application of 
this method to short-time tensile tests at high temperature. The 
results of tests on two carbon steels, one low-alloy steel, three high- 
alloy steels, brass and Monel metal are presented. The conclusions 
reached were: (1) The two-load method can be used in the short- 
time high-temperature test provided appreciable creep does not 
occur during the test; (2) The true stress-strain. curves are linear 
from the point of maximum load to that of incipient fracture; (3) 
the effect of heat on the true stress at the maximum load and on 
the average true stress at fracture was different for most of the 
materials tested; (4) the ductility of metals at high temperature 
can be pictured by comparing the true uniform strain with the true 
local necking strain; (5) the effect of heat upon the two strains 
referred to in (4) was different; and (6) heat affected the true 
strain at fracture and the true local necking strain in a similar 

manner. 

sé Fish-Eyes ”’ in Steel Welds Caused by Hydrogen. C. A. Zapffe. 
(Metal Progress, 1942, vol. 41, Aug., pp. 201-206). The author 
discusses the pressure which can be developed by hydrogen in steel. 
He presents curves showing the changes of pressure with temperature 
as calculated for iron containing 0-0025%, 0:0005% and 0-0002% by 
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weight of hydrogen, and explains why the pressure increases one 
hundred times when the solubility in iron is decreased to one-tenth 
by lowering the temperature. In experiments with steel, hydrogen 
pressures up to about 5000 Ib. per sq. in. have been measured. It is 
generally agreed that iron at room temperature cannot hold more 
than 0:00001% by weight of hydrogen in true solution under one 
atmosphere of hydrogen, but quantities 20,000 times greater than 
this have frequently been expelled from specimens in experiments. 
It therefore appears that the major portion of the gas occluded 
at ordinary temperatures must be “ extra-lattice.” If nickel or 
palladium is loaded with hydrogen, coated with a transparent liquid 
and deformed, bubbles of gas visibly escape from the deformation 
lines; the same is true for iron. The author considers that the 
popular conception of slip planes and slip lines (the latter appearing 
as a relief effect caused by homogeneous shear) must be amended. 
The slip plane is more likely an actual disjunction of crystals in an 
otherwise heterogeneous lattice and astonishingly large quantities of 
hydrogen collect there at very high pressure, so high that it may 
exceed the elastic limit of the steel. When the pressure is so high 
the hydrogen may “spring open”’ the slip plane and lock the sur- 
rounding lattice against further motion, thus causing brittleness. 
The brilliant crystalline zone surrounding a hydrogen blow-hole 
(hence the term “ fish-eye’’) comprises the flat crystallographic sur- 
faces of large groups of blocks of crystals which have been immobilised 
and partly separated by the pressure of the occluded hydrogen. 
Relative Effect of Elements on Alloy Steels. J. Mitchell. (Metal 
Progress, 1942, vol. 42, July, pp. 53-60). The author explains a 
system of allotting numbers and letters to elements in low-alloy 
steels in order to provide a simple means of showing the effect of the 
element on the properties of steel. The rating numbers vary from 
zero to +10 when the effect is favourable, and from zero to —10 
when the effect is detrimental ; the suffix letter ‘“‘ P ” indicates that 
the effect is in proportion to the amount of the element; the letter 
“$” indicates that small amounts have relatively greater effect 
than large additions, and the letter ‘“L” that large amounts are 
most effective. The system applies to the following elements in 
low-alloy steels : carbon, manganese, phosphorus, sulphur, silicon, 
chromium, nickel, molybdenum, vanadium and copper. 
Investigations on the Influence of Phosphorus, Sulphur, Manganese, 
Vanadium and Tin on the Hardening Properties of Carbon Steel with 
0°75-1:00% C. 8S. von Hofsten. (Jernkontorets Annaler, 1942, 
vol. 126, No. 1, pp. 1-33; No. 2, pp. 49-70). (In Swedish). In 
1935 Jernkontoret sponsored a series of investigations of the harden- 
ing properties of steel; it was later found necessary to restrict the 
scope of the work so as to make known any results of special interest 
within a reasonable time. An account of the work on the effects of 
phosphorus, sulphur, manganese, vanadium and tin on the harden- 
wbility of steel is now published under the general editorship of 
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S. von Hofsten. After an introductory statement by him the follow- 
ing reports are presented : 

(1) The Effect of Phosphorus on the Hardening Properties of 
Carbon Steel with about 0-90% of Carbon. This consists of a review 
by E. Ohman of investigations carried out by B. D. Enlund, S. von 
Hofsten, H. Kjerman, G. Malmberg and A. Wahlsteen, as well as 
reports from Hagfors Jernverk and Metallografiska Institutet. 

(2) The Effect of Sulphur on the Hardening Properties of Carbon 
Steel with 0-75-1:00% of Carbon, by 8. von Hofsten. 

(3) The Effect of Manganese on the Hardening Properties of 
Carbon Steel with 0-50-1-00°% of Carbon, comprising : 


A Summary, by 8S. von Hoftsen. 

The Effect of Manganese on Basic High-Frequency Furnace 
Steel, by G. Malmberg. 

The Effect of Manganese on Acid High-Frequency Furnace 
Steel, by B. D. Enlund. 

The Effect of Manganese on Acid High-Frequency Furnace 
Steel, by S. von Hofsten. 


(4) The Effect of Vanadium on the Hardening Properties of 
Carbon Steel with 0:9% of Carbon, comprising : 


A Summary, by S. von Hofsten. 

The Effect of Vanadium on Basic Open-Hearth Steel, by 
B. D. Enlund. 

The Effect of Vanadium on Acid Open-Hearth Steel, by 
H. Kjerrman. 

The Effect of Vanadium on Basic High-Frequency Furnace 
Steel, by G. Malmberg. 


(5) The Effect of Tin on the Hardening Properties of Acid 
High-Frequency Furnace Steel, by A. Wahlsteen. 

The effect of the above alloying elements was studied by making 
impact tests by the Jernkontoret Standard Method, using 22-mm. 
dia. specimens with a machined V-notch 0-4 mm. deep and 1-2 mm. 
wide, and as a basis of comparison an “impact fracture index ”’ 
(hirdbrottssunwna) was established. This index, which is referred 
to as the “ Hbs.”’ number, is the total of six impact-test results for 
each steel carried out on specimens quenched from 770°, 800°, 830°, 
860°, 890° and 920° C., respectively. The grain size of the fractured 
surfaces was also studied. 

(1) Phosphorus.—In general, increasing the phosphorus caused 
a steady reduction in the Hbs. index ; in some cases the relationship 
was linear. The magnitude of the effect differed greatly with different 
steels, and it appears that the influence of phosphorus can easily be 
dominated by other changes in the properties of the steel. Phos- 
phorus had the greatest effect on basic H.F. furnace steel and on 
acid open-hearth steel. The depth of hardness always increased with 
increasing phosphorus and so did the tendency to hardness cracks. 
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(2) Sulphur—The Hbs. index rose rapidly with increasing 
sulphur, the rise being greatest with the first increase in sulphur and 
then becoming less marked with further additions of sulphur. The 
effect of sulphur was the same whether aluminium was added or not. 
The hardness depth markedly decreased as the sulphur content 
increased. oe ag 

(3) Manganese.—In steels without any aluminium addition, 
increasing the manganese from a very small amount to 0-5-1-0% 
caused a steady decrease in the Hbs. index; above this amount 
further increases had practically no further effect. By adding a 
fair amount of aluminium the grain-enlargement effect of manganese 
was completely suppressed. Thus, increasing the manganese either 
left the Hbs. index unaltered or caused the reduction in the impact. 
values at the higher hardening temperatures to be not so great for 
higher manganese contents as for the normal low content. The 
hardness depth of steel with no aluminium addition increased 
markedly with increasing manganese. It was found possible by a 
combination of high manganese and aluminium additions to produce 
a deep-hardening steel with a fracture finer-grained than that of 
shallow-hardening steel with normal manganese contents. 

(4) Vanadium.—A well-deoxidised H.F. furnace steel high in 
silicon made with a reducing slag was found to be most sensitive to 
vanadium additions, whilst a basic open-earth steel required much 
more vanadium to produce the same fine-grained fracture; the 
behaviour of acid open-hearth steel was between these two extremes. 
The hardness depth increased steadily with increasing vanadium 
when hardening from the same temperature. ‘There was no measur- 
able change in the surface hardness of steels with different vanadium 
contents up to 1%. 

(5) Tin.—Successive increases in tin from 0-002% to 0-39% had 
practically no effect on the Hbs. index; but this could be raised by 
additions of aluminium even with tin present within the above 
limits. With certain reservations it can be said that increasing the 
tin causes the hardness depth to be irregular, but with aluminium 
also present the hardness depth is more uniform. 

Effect of Elements in Solid Solution on Hardness and Response 
to Heat Treatment of Iron Binary Alloys. C.R. Austin. (American 
Society for Metals, Oct., 1942, Preprint No. 1). The author studied 
the effects of various heat treatments on the hardness and structure 
of electrolytic iron alloyed with one of the following elements in 
quantities between 0-5 and 5%: chromium, cobalt, nickel, manganese, 
molybdenum and silicon. His observations led to the following 
conclusions : (1) A distortion of the lattice of ferritic iron, either by 
heating to an elevated temperature followed by rapid cooling or 
by adding certain alloying elements forming solid solutions, results 
in an increase in hardness. (2) The greater the difference in atomic 
radius between the added element and «-iron, the greater is the 
hardening effect. (3) The addition of an element possessing a type 
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of crystal structure different from that of iron results in greater 
solid-solution hardening. (4) Elements, the solubility of which in 
a-iron is low, have a greater hardening effect than those with high 
solubility. 

Third Element Effects on Hardenability of a Pure Hypereutectoid 
Iron-Carbon Alloy. C. R. Austin, W. G. Van Note and T. A. 
Prater. (American Society for Metals, Oct., 1942, Preprint No. 2). 
The authors studied the effect of the austenitic grain size and of 
additions of up to 0:-5% of nickel, copper, silicon, manganese, alu- 
minium and chromium on the hardenability of a pure hypereutectoid 
steel. The hardenability was determined by the Jominy end- 
quench test, and in a preliminary study the effects of various factors 
on the results of this test were established. The investigation led 
to the conclusion that, expressed in terms of the critical cooling 
velocity, the hardenability increases linearly with the austenite 
grain size, whereas no linear relationship seems to exist between 
the hardenability and the amount of alloying element added. 

NE (National Emergency) Alloy Steel Data. C.M. Parker. (Steel, 
1942, vol. 111, Oct. 19, pp. 66-76, 95-97). The author discusses the 
presentation of data on the properties of the National Emergency 
steels and explains how limited data can be used to decide whether 
one of the new steels would be suitable in all respects for a particular 
application. 

Appraisal of NE Steels in Terms of Old Types. F. B. Foley. 
(Metal Progress, 1942, vol. 42, Sept., pp. 365-367). The author 
explains how the hardenability of one of the National Emergency 
steels can be related to that of the established S.A.E. steels from 
Jominy end-quench test curves for the latter steels and one, 
or at the most two, hardness determinations on the new N.E. 
steel. 

Suitability of Alternate Steels for Aircraft Parts. A.C. Willis and 
M. Hill. (Metal Progress, 1942, vol. 42, Sept., pp. 370-375). The 
authors present test data accumulated at the Materiel Center of the 
United States Air Forces on new low-alloy steels which comply with 
the Aeronautical Material Specifications. 

Low-Alloy Steels. (Automobile Engineer, 1942, vol. 32, Dec., 
pp. 543-545). With a view to indicating the probable increased 
application of low-alloy steels after the war a survey 1s presented of 
the characteristics, in particular the weldability, of steels alloyed 
with one or more of the following elements: manganese, silicon, 
nickel, chromium and molybdenum. : 

High Manganese Austenitic Steels. R. Franks, W. O. Binder and 
C. M. Brown. (Iron Age, 1942, vol. 150, Oct. 1, pp. 51-57). The 
authors report the results of tests on three series of high-manganese 
austenitic steels. These series consisted of: (1) Steel containing 
16% of manganese, up to 2% of nickel and/or up to 1% of copper ; 
(2) steel similar to (1) with about 3% of chromium ; and (3) 16/12 
manganese-chromium steel. The test data reveal that steels (1) 
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and (2) with low carbon contents can be cold-rolled to a high tensile 
strength without serious loss of ductility. Steel (3) has similar 
properties and is also very resistant to corrosion. 

“ Amola’’ Steels (Carbon-Molybdenum). F. KE. McCleary. 
(Metal Progress, 1942, vol. 42, Sept., pp. 386-388). The author 
presents data on the properties of ““Amola”’ steels which were 
developed by the Chrysler Corporation as substitutes for chromium- 
vanadium steels. They contain manganese 0-70—0-90%, silicon 
0-20-0-30% and molybdenum 0-15-0-25%. They can be supplied 
in a wide range of carbon contents (0-20-0-70%). The hardenability 
is controlled by the amount and balance of the molybdenum and 
manganese. 

Effects of Tin on the Properties of Plain Carbon Steel. J. W. 
Halley. (American Institute of Mining and Metallurgical Engineers, 
Technical Publication No. 1513: Metals Technology, 1942, vol. 9, 
Sept.). The inclusion of increasing quantities of tinned steel in 
scrap charged in the steel furnaces makes the question of the effect 
of tin on the properties of steel of great importance in wartime. 
In this paper the author reports the results of tests to ascertain the 
effects of increasing amounts of tin in low-carbon rimming steel, 
medium-carbon forging steel and rail steel. In general, the addition 
of tin slightly increases the tensile and yield strengths and slightly 
reduces the elongation and Charpy impact test values. Tin has an 
effect similar to that of phosphorus; in structural steels an additional 
0-01% of phosphorus increases the tensile strength by 1000 Ib. per 
sq. in. and the same increase in strength would be obtained by a 
addition of 0-05°% of tin. 

Tests in the Development of a Tungsten-Free High-Speed Steel 
Containing 12% of Chromium. W. N. Berchin. (Awiazionnaja 
Promyschlennosti, 1941, No. 4, pp. 7-13: Stahl und Eisen, 1942, 
vol. 62, Sept. 10, pp. 782-783). The author reports the results of 
hardness and machinability tests on the Russian steel Ch 12M con- 
taining carbon 1-46%, chromium 11-7%, molybdenum 0-7%, nickel 
0-3% and vanadium 0:2%. The heat-treatment temperatures were 
found to be very critical and in certain classes of machining tests 
the steel was found equal to 18/4/1 (tungsten-chromium-vanadium) 
high-speed steel. 

Conserves Alloys in Bolting Materials. (Steel, 1942, vol. 111, 
Nov. 2, pp. 92-97). Particulars are given of some new specifications, 
drawn up by an American firm of oil engineers, for steel for bolts and 
nuts to be used on oil-refinery pipe lines and pressure vessels. These 
steels are, in general, of the high-carbon type with reduced amounts 
of chromium and/or nickel or no alloying elements at all. 

Bursting Tests on Notched Alloy Steel Tubing. G. Sachs and 
J.D. Lubahn. (American Society for Metals, Oct., 1942, Preprint 
No. 7). The authors report on bursting tests on notched and un- 
notched tube specimens (length 4:25 in., outside dia. 1-65 in., 
inside dia. 1-50 in.) of hardened S.A.E. 2340 steel, heat-treated at 
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790° C. A state of multi-axial stress was produced in the specimens 
by subjecting them simultaneously to longitudinal tension and to 
internal pressure, creating circumferential tension. A specially 
designed apparatus was used for this purpose, which is illustrated 
and described in some detail. The investigation led to the following 
conclusions : (1) Tubes subjected simultaneously to circumferential 
and longitudinal tension show slightly higher tensile strength and 
much lower ductility values in the circumferential direction than 
rods tested in tension. (2) A sharp longitudinal notch on the out- 
side surface of a tube is the most severe embrittling agent known so 
far, steels with a strength level as low as 150,000 lb. per sq. in. 
having a notch strength below that of unnotched tubes. (3) A 
single notch did not have the strength-increasing effect expected, 
whereas a double notch (on both the inside and outside surface) 
did produce such an effect. The increased lateral stress responsible 
for this did not cause any greater embrittlement than a single 
notch, however. (4) No effect of fibre direction was observed in 
tests on notched tubes machined from rod. 

The Interpretation of Steel Specifications. E. Gregory. (En- 
gineering Inspection, 1942, Autumn Issue, pp. 4-7). The author 
discusses the provisions of some steel specifications, in particular 
British Standard Specifications 970 and 971, and stresses that they 
are intended, at the most, to serve as a guide to acceptance or rejec- 
tion of material and that the conditions laid down must be in 
telligently interpreted. 
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A Method of Sampling for Metallurgical Test-Pieces. C. T. 
Eakin. (Metal Progress, 1942, vol. 41, Aug., pp. 207-208). The 
author describes a simple cutting tool for taking ‘metallographic 
specimens from castings and parts. The drill consists essentially 
of a tubular member with cutting teeth at one end ; there is a plug 
at the other end, and a centering device consisting of a pin and spring 
is fitted in the tube. Before using the tool, a ¥g-in. pilot hole % in. 
' deep is drilled in the casting at the desired spot. The tool is then 
inserted in a portable power- or hand-driven drill ; the projecting 
centering pin is inserted in the pilot hole and drilling started until 
the tool is sufficiently deep to be self-guiding ; the centering pin 
is then removed and the drilling continued to the required depth. 
The core is broken off at the bottom by flexing it and this is ground 
and polished to form the specimen, ; 

Simplified Electro-Polishing of Steel Specimens. KR. W. Parcel. 
(Metal Progress, 1942, vol. 41, Aug., pp. 209-212). The author 
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describes an electrolytic polishing technique developed by the 
Denver & Rio Grande Western Railway for polishing specimens of 
steel and aluminium. The method is a modification of one pre- 
viously described (see “ An Improved Cell for Electrolytic Polish- 
ing,” Journ. I. and §.1., 1942, No. L., p. 118 4), and the electrolyte 
is made up of perchloric acid, water, ethyl alcohol and ether. A 
special small cell is also described ; this can be clamped on to heavy 
parts which cannot always be taken to a laboratory. 

Anodic Treatment of Plain Carbon Steels. R. L. Imboden and 
R. 8. Sibley. (Electrochemical Society, Oct., 1942, Preprint 
82-18). The authors subjected low-carbon steel specimens to 
anodic treatment for polishing as well as etching. The following 
three baths proved particularly satisfactory for polishing and, 
without the organic additions and at slightly lower current densities, 
for etching: (1) A mixture of 40% of sulphuric acid, 46% of 
phosphoric acid, 4% of dextrose and 10% of water used at 28- 
40° C. with a current density of 1-5-4-5 amp. per sq. in. (2) A 
mixture of 15% of sulphuric acid, 65% of phosphoric acid, 5% of 
chromic acid and 15% of water used at 42-55° C. with a‘c.d. of 
3-7 amp. per sq.in. (3) A mixture of 765 c.c. of acetic anhydride, 
185 c.c. of perchloric acid and 50 c.c. of water used below 30° C. 
and with a c.d. of 0:25-0-8 amp. per sq. in. The times required for 
polishing are 5-10 min. with the first and third baths and 3-5 min. 
with the second one. The authors point out that, by assuming the 
effect of the anodic treatment to be due to the formation of an 
insulating film on the specimen surface, the following phenomena 
can be explained: (a) The preferential removal of scratch ridges, 
(b) the longer time required with vigorous stirring, (c) the formation 
of undulations on the surface, and (d) pitting around surface inclu- 
sions. In conclusion, the advantages of the electropolishing of 
plain carbon steel specimens are summarised, and the apparatus 
used for the authors’ experiments is described. Micrographs of 
several of the treated specimens are presented. 

The Metallography of Galvanized Sheet Steel Using a Specially 
Prepared Polishing Medium with Controlled pH. D. H. Rowland 
and O. E. Romig. (American Society for Metals, Oct., 1942, 
Preprint No. 6). The authors discuss the preparation of cross- 
sections of galvanised sheet steel for micrographic examination at 
magnifications of 500-1000 diameters, and give details regarding 
a special alumina polishing suspension in water with controlled pH 
value, for which alumina prepared by roasting of aluminium sulphate 
and extracting undecomposed sulphate with hot water is used. 

On the Location of Flaws by Stereo-Radiography. J. Rigbey. 
(American Society for Metals, Oct., 1942, Preprint No. 18). The 
author describes a technique for obtaining stereoscopic radiographs 
of defects in metals by making two exposures on a single film. This 
method enables a direct measurement of the distance between the 
two images of the defect to be made, and from this the vertical 
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distance of the flaw from the surface can be calculated. Tests 
showed that this vertical distance could often be determined by this 
technique with an accuracy of + 3%. Larger errors must be 
expected when the flaws are of irregular shape. 

The Ar’ Range in Some Iron-Cobalt-Tungsten Alloys. W. P. 
Sykes. (American Society for Metals, Oct., 1942, Preprint No. 3). 
The author points out that the y——>« transformation of carbon-free 
iron-cobalt-tungsten alloys takes place throughout a range of 
temperature corresponding to the Ar’’ range of steels. By hardness 
tests and micrographic examination he found this range to lie 
between 525° and 350° C. for an alloy with 53% of iron, 30% of 
cobalt and 17% of tungsten. This range is shifted to much lower 
temperatures by the addition of chromium. Thus the upper limit 
of the Ar” range of an alloy with 30% of cobalt, 17% of tungsten, 
4% of chromium and 49% of iron was depressed to about 250° C., 
whilst the lower limit seemed to lie below the temperature of liquid 
air. 
The Alpha Iron Lattice Parameter as Affected by Molybdenum, 
and an Introduction to the Problem of the Partition of Molybdenum 
in Steel. F.E. Bowman, R. M. Parke and A.J. Herzig. (American 
Society for Metals, Oct., 1942, Preprint No. 14). The authors 
discuss methods of determining quantitatively the distribution of 
molybdenum between cementite and ferrite in steel. The earlier 
work done on this problem is reviewed and the adaptability of the 
X-ray diffraction technique for this purpose is considered. A 
curve showing the relation between the molybdenum content and 
the lattice parameter of «-iron is presented. 

The Effect of Molybdenum on the Isothermal, Subcritical Trans- 
formation of Austenite in Eutectoid and Hypereutectoid Steels. 
J. RB. Blanchard, R. M. Parke and A. J. Herzig. (American 
Society for Metals, Oct., 1942, Preprint No. 15). To obtain an 
insight into the function of molybdenum in the decomposition of 
austenite at constant subcritical temperatures the authors con- 
structed S-curves for eutectoid and hypereutectoid steels with 
molybdenum contents up to 0:75%. These curves were found to 
have a “bay” in the region of about 593° C. This was caused 
by the notably greater effect of molybdenum on the rate of trans- 
formation of austenite to pearlite than that on the rate of the 
austenite-bainite transformation. Molybdenum also markedly 
increases the interlamellar spacing of pearlite at 649° C. in both 
eutectoid and hypereutectoid steels. 

The Effect of Molybdenum on the Rate of Diffusion of Carbon 
in Austenite. J. L. Ham, R. M. Parke and A. J. Herzig. (American 
Society for Metals, Oct., 1942, Preprint No. 16). _The authors 
determined the rate of diffusion of carbon in austenite containing 
0:80% of molybdenum at 982°, 1093° and 1204° C. A comparison 
of these rates with those obtained for plain carbon steels by other 
investigators revealed that at round about 1093° C. molybdenum 
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has little or no effect on the rate of carbon diffusion; at higher 
temperatures the rate is slightly accelerated, and at lower tem- 
peratures it is retarded by the presence of molybdenum. The 
possibility of measuring the diffusion coefficients of both constituents 
of a binary diffusion system by a consideration of changes in shape 
or length of the specimen is discussed. ; 

A Metallographic Study of the Formation of Austenite from 
Aggregates of Ferrite and Cementite in an Iron-Carbon Alloy of 
0-5 Per Cent. Carbon. T.G. DiggesandS.J. Rosenberg. (American 
Society for Metals, Oct., 1942, Preprint No. 20). The authors 
studied the nucleation and growth of austenite on heating a high- 
purity alloy of iron and carbon containing 0-5% of carbon. The 
changes that occurred in both fine pearlite and an aggregate of 
spheroidised cementite and ferrite were followed by the differential 
heating of small specimens in vacuo at various rates to temperatures 
within and slightly above the Ac,—Ac, transformation range and 
quenching in helium. On heating fine pearlite, austenite was 
nucleated at the interfaces of ferrite and carbide, preferentially 
at the boundaries of pearlite and pro-eutectoid ferrite and at the 
boundaries of the pearlite colonies. It was also occasionally 
nucleated within the pearlite colonies. Finger-like growths occurred 
usually in the direction of the lamelle, but sometimes across the 
lamelle. Regardless of the rate at which the alloy was heated 
through the Ac, transformation, austenite nuclei formed at numerous 
ferrite-carbide interfaces so that in the initial stage the austenite 
was always fine-grained. Rapid grain growth may occur in the 
Ac,—Ac, transformation range by the absorption or coalescence of 
the grains initially formed; if the rate of heating through this 
range was extremely rapid, this grain growth was to a great extent 
inhibited and the resulting austenite was relatively fine-grained at 
temperatures considerably above Ac;. If heating was less rapid, 
grain growth was not inhibited and the resulting austenite was very 
coarse-grained. The rate of growth, not the rate of nucleation, is 
the predominating factor in establishing the final size of the austenite 
grains of this alloy. 

Influence of Initial Structure and Rate of Heating on the Austenitic 
Grain Size of 0-5 Per Cent Carbon Steels and Iron-Carbon Alloy. 
T. G. Digges and 8. J. Rosenberg. (American Society for Metals, 
Oct., 1942, Preprint No. 21). Tests were made to determine the 
influence of variations in initial structure and rate of heating through 
the transformation temperature range on the grain sizes at 800° 
and 870° C. of a high-purity alloy of iron and carbon and two 
commercial steels all containing 0:5° of carbon. Variations in 
initial structure had no effect on the grain size of the iron-carbon 
alloy. Although the initial structure had some influence on the 
grain size of the steels, no correlation was found between the grain 
size and the spacing of pearlite or the form and distribution of the 
carbides. The rate of heating had a pronounced effect on the grain 
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size of the iron-carbon alloy and in some cases on that of the steels. 
_ The finest grains were obtained in the steels with slow rates of 
heating, but the reverse trend was observed with the iron-carbon 
alloy. 

The Mechanism and the Rate of Formation of Austenite from 
Ferrite-Cementite Aggregates. J. A. Roberts and R. F. Mehl. 
(American Society for Metals, Oct., 1942, Preprint No. 22). The 
authors give an account of a series of experiments designed to 
establish the mechanism of the formation of austenite and to measure 
the isothermal rate of formation of austenite from aggregates of 
ferrite and cementite in eutectoid steels. The rates of formation are 
analysed in terms of the rates of nucleation and grain growth. These 
two rates were both found to vary with the initial structure, thus 
differing from the austenite > pearlite transformation in which the 
rate of growth is insensitive to structure whilst the rate of nucleation 
is structure-sensitive. The austenite formed in eutectoid steels is 
not homogeneous when the ferrite disappears as a structural con- 
stituent, for undissolved carbide remains, the solution rate of which 
is dependent upon both time and temperature. Carbon concentra- 
tion gradients exist for appreciable times after the carbide itself is 
no longer visible in the microstructure. ae oy 

The effect of temperature, initial structure and deoxidation 
practice on the rate of formation of austenite is described, and a 
method of calculating the initial grain size of the austenite and the 
rate of growth is included. : 

A Study of the Iron-Rich Iron-Manganese Alloys. A. R. Troiano 
and F. T. McGuire. (American Society for Metals, Oct., (1942, 
Preprint No. 27). The authors describe an X-ray investigation of 
specimens and powders of iron-manganese alloys of high purity 
containing up to 50°%of manganese, the object being to determine 
the « and « + y phase boundaries of the iron-manganese system. 
Precision lattice-constant determinations were made by X-ray 
diffraction methods and these were correlated with the results of a 
microscopical examination. Specimens were quenched very rapidly 
in water after prolonged heating at the lower temperatures and short- 
time heating at high temperatures (e.g., 2 years at 300° C., 1 day at 
800° C. and 1 hr. at 900° C.). At 300° C., two years were insufficient 
to attain equilibrium. Direct evidence is presented of the existence 
of two types of « solid solutions (equilibrium and supersaturated ot 
solid solutions). The disturbing and sometimes misleading effects 
of supersaturated solid solutions are discussed and evaluated. The 
results of deformation and long-time annealing ee of the « phase 
ead to the conclusion that this phase is not stable. : 

The Induction Furnace as a High Temperature Calorimeter at 
the Heat of Solution of Silicon in Liquid Iron. J - Chipman, a 
N. J. Grant. (American Society for Metals, Oct., 1942, Freee No. 
28). The authors describe how they determined the heat of sol ea 
of silicon in liquid iron using a H.F. induction furnace containing 
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to 90 lb. of liquid metal as a calorimeter. The rise of temperature 
in the bath caused by the addition of a weighed amount of silicon 
was measured by a tungsten-molybdenum thermocouple. Assum- 
ing the heat of deoxidation of iron-by liquid silicon at 1600° C. to be 
180,000 cal. evolved per mol. of silica formed, the heat of solution of 
liquid silicon in liquid iron was found to be 29,000 cal. evolved per 
g.-atom of silicon. From the results obtained and supplementary 
data, the temperature changes accompanying the addition of several 
grades of ferro-silicon to molten iron at 1600° C., with and without 
deoxidation, were calculated. 

The Kinetics of Austenite Decomposition in High Speed Steel. 
P. Gordon, M. Cohen and R.S. Rose. (American Society for Metals, 
Oct., 1942, Preprint No. 30). The authors studied the decomposition 
of the austenite in two high-speed steels (a 6%-tungsten 6%- 
chromium 2°%%-vanadium 5%-molybdenum steel and an 18%- 
tungsten 4%-chromium 1%-vanadium steel). With the aid of a 
suitable dilatometer it was possible to observe the transformations 
while cooling to, holding at, and cooling from the hot-quenching 
temperature. A quantitative metallographic technique was em- 
ployed to convert the dilatation measurements to percentage trans- 
formation of the austenite on an absolute basis. The transformation 
curves for both steels are very much alike, and consist of two families 
of S-curves (actually more like C-curves). In the upper transforma- 
tion range the product is pearlite, preceded or accompanied by 
carbide precipitation. The lower group of curves represents the 
decomposition of austenite into bainite. The formation of bainite 
has a stabilising influence on the remaining austenite because the. 
transformation does not go to completion and the martensite point 
of the remaining austenite is depressed, in some cases even to below 
room temperature. On hot-quenching into the martensite range, 
martensite forms during the cooling to the holding temperature ; 
after the holding temperature is reached, a two-stage isothermal 
transformation takes place. The first stage proceeds slowly with the 
appearance of bainite plates in the microstructural regions occupied 
by the martensite; this transformation is small in extent. The 
second stage results in the general formation of bainite throughout 
the structure. Austenite decomposition does not take place on 
hot-quenching into the “‘ bay ”’ between the two families of S-curves, 
even if the holding time is prolonged to 165 hr. 

Study of Inverse Segregation Suggests New Method of Making 
Certain Alloys. M.L. Samuels, A. R. Elsea and K. Grube. (Ameri- 
can Society for Metals, Oct., 1942, Preprint No. 36). The authors 
studied the freezing of an alloy of 50% of iron and 50% of copper. 
This alloy possesses a very wide solidification range and freezes as 
two distinct structural constituents. Iron dendrites containin 
some copper in solid solution begin to form at about 1440° C. and 
the copper-rich phase does not solidify until the temperature has 
dropped to about 1095° C. A copper-rich skin on the lower outside 
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surfaces of some castings was thought to have originated from inter- 
dendritic flow during the semi-liquid stage. It was found possible, 
by reheating into this stage, to displace the low-melting-point phase 
with other metals, such as silver or lead, which are not miscible with 
iron in the molten state. 
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(Continued from pp. 66 A—68 A) 


The Effect of Zinc on the Corrosion-Fatigue Life of Steel. N. 
Stuart and U. R. Evans. (Iron and Steel Institute, 1943, this 
Journal, Section I.). Earlier work at Cambridge and elsewhere has 
shown that on steel wetted with nearly neutral chloride solutions 
contact with zinc prolongs the fatigue life. There appeared, how- 
ever, a danger that in acid liquids contact with zinc might increase 
the hydrogen charge and thus enhance the fragility. Most of the 
demonstrations of brittleness caused by a hydrogen charge in steel 
refer to stresses which, in the absence of hydrogen, would be suffi- 
cient to cause plastic flow ; it seemed important to ascertain whether, 
within the elastic range, contact with zinc improved or shortened. 
the life of steels bent in the presence of acid of different concentra- 
tions; the effect of nickel contacts was also studied. 

A machine was set up which permitted the alternating bending 
of twenty thin steel strips simultaneously in a thermostat room, so as 
to give mean values which would be reliable—despite the scatter 
of results invariably met with in work of this kind. 

It was found that on cold-rolled steel (0-26% carbon) wetted 
with relatively strong acid, a zine contact increased the fatigue life 
of the steel. At 0-001N and 0-00125N, contact with zinc had no 
significant influence, but here the life is relatively long in any case. 
Steel previously charged with hydrogen by cathodic treatment 
showed a long fatigue life, even though the gas charge far exceeded 
that which would be produced by contact with zine. It is con- 
cluded that a hydrogen charge is not dangerous if the alternating 
stressing does not exceed the range needed to produce permanent 
set. Specimens exposed to the atmosphere in contact with zinc 
suffered much less visible attack than those without zine protectors, 
but the fatigue life was not increased. 

It is concluded that contact with zinc may have value in some 
conditions, and that the dangers arising from a hydrogen charge are 
not serious. 

Corrosion of Water Pipes in a Steel Mill. C. L. Clark and W. J. 
Nungester. (American Society for Metals, Oct., 1942, Preprint No. 
26). The authors report the results of an investigation. undertaken 
to determine the cause of severe corrosion in the cooling water pipes 
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of a rolling mill. Chemical analysis of the corrosion products 
showed that both sulphides and free sulphur were present. As 
neither of these were present in the original well water, the action of 
sulphite reducing bacteria was indicated. Circumstantial evidence 
and a bacteriological investigation confirmed that this theory was 
correct. 

Corrosion of Boiler Tubes. T. H. Turner. (Institution of 
Mechanical Engineers: Engineer, 1942, vol. 174, Nov. 27, pp. 446- 
448; Dec. 4, pp. 466-468). The author summarises experience 
gained by the London and North-Eastern Railway in the study of. 
the corrosion of boiler tubes and the treatment of feed waters. He 
makes the following recommendations: (1) New tubes should be 
scale-free with a pickled or shot-blasted surface and there should 
be 0-2-0-5% of copper in the steel (2) New ends for second-hand 
tubes should be affixed by flash-butt welding; stretching tubes is 
not recommended. (3) The new ends on second-hand tubes should 
be fitted to the fire-box. (4) Shot-blasting should be carried out on 
both inside and outside surfaces of boiler shell and fire-box. (5) 
Remember that permanent hardness in waters causes much more 
damage to boilers than temporary hardness. (5) Add the feed near 
the surface of the water in the boiler to allow escape of gases into 
the steam. (7) Fit a trough below the feed entrance pipe to aid 
the release of gases and to catch some of the sludge. (8) Use boiler- 
water control tests as part of the normal routine for all boilers. 
(9) Maintain zero hardness and a definite alkalinity in the boiler 
water, paying attention to the possibilities of caustic embrittlement. - 
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ASSOCIATION OF IRON AND STEEL ENGINEERS: Specifications for 
Electric Overhead Travelling Cranes for Steel Mill Service. 
4to. Pp. 29. Pittsburgh, 1942. 


The Association of Iron and Steel Engineers sponsored the first 
specifications for steel-mill cranes in 1910. After several revisions a 
special committee was set up in 1938, and the results of the Committee’s 
work are embodied in the present revised specifications. Many of the 
items contained in these are published for the first time. The section 
on girder design is based on the research and studies made by Mr. 
Madesen at Lehigh University, and the formule given recognise ail the 
lateral and horizontal forces that must be resisted, and are not modi- 
fications of standard column formula or those used in the design of 
bridge structures, 

The section on wheel loadings is based on the satisfactory operation 
of crane wheels and rail sections submitted by many users of these 
cranes, as well as the recommendation of the builders of cranes and the 
manufacturers of wheels. Investigation of this subject showed the 
necessity of using rails designed for heavy loads at low speeds and 
capable of resisting high lateral thrusts. 
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The proper application of anti-friction bearings to crane wheels is 
covered by a table of ratings. The deflection of the axles and condition 
of the runway rails greatly affect the life of anti-friction bearings. 
These tables have been approved by the bearing manufacturers and 
have been checked with operating records of satisfactory installations 
in the mills. 

The subject of bridge drives was covered in a symposium held in 
Pittsburgh when 13 papers were given by authorities on various phases 
of this subject. These papers are included in the Association Yearbook 
for 1940. The section of the specifications on this subject is based on 
information submitted at this symposium plus the experience of many 
operators. 
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(Continued from pp. 37 4-38 A) 


Chromite in South-eastern Manitoba. J.P. de Wet. (Canadian 
Mining Journal, 1942, vol. 63, Oct., pp. 657-658). The author gives 
an-account of the discovery in 1942 and the geology of low-grade 
deposits of chromite in South-eastern Manitoba. Assays have 
shown from 5% to 25% of chromic oxide and a chromium/iron 
ratio of 1-82/1. 

Tungsten. D. C. McLaren. (Canadian Mining Journal, 1942, 
vol. 63, Oct., pp. 627-639). The author discusses the occurrence in 
Canada of minerals containing tungsten and describes methods of 
concentrating tungsten ores, in particular those in use at the plant 
of the Hollinger Consolidated Gold Mines, Ltd. 

The Future of Indian Coking Coals. A. Lahiri. (Coke and 
Smokeless-Fuel Age, 1942, vol. 4, Oct., pp. 208-209, 214). The 
author reviews authentic published statements relating to the 
reserves, production and consumption of coking coals in India. 
The current production of coal is about 29 million tons per annum, 
of which about 13 million tons are of coking quality. At this rate 
of production, and taking into account the present wasteful and 
inefficient methods of mining, the reserves can scarcely last more 
than another sixty years. The need is emphasised for legislation 
to enforce the use of inferior grades of coal for steam-raising and 
other purposes for which coking coal is now being applied. 

Geology of the Forest of Dean Coal and Iron-Ore Fields. F. M. 
Trotter and W. C. C. Rose. (Geological Survey of Great Britain, 
1942: H.M. Stationery Office). This is a short memoir dealing 
primarily with the geology of the coal and iron-ore field of the 
Forest of Dean, Gloucestershire; it is based on 6-in.-to-the-mile 
geological maps produced in the period 1933-38. 

Wolfram in Nigeria : with Notes on Cassiterite, Wolfram and 
Columbite Zones. H. L. Haag. (Bulletin of the Institution of 
Mining and Metallurgy, 1943, Jan., pp. 1-34). The author gives 
an account of the geology of ores containing tungsten which are 
found in Nigeria in association with the well-known tin deposits. 
During the war of 1914-18 a small tonnage of wolfram was pro- . 
duced from two veins, after that, production fell off until about 
1935; by 1939 the output had risen to nearly 20 tons per month. 
In the aggregate little prospecting has yet been done. The deposits 
so far found are mostly small, and not sufficiently attractive to 
justify much capital expenditure. 

Occurrence and Production of Molybdenum. J. W. Vanderwilt. 
(Iron Age, 1942, vol. 150, Oct. 1, pp. 104-107, 184-197). The 
author reviews the occurrence of molybdenite (MoS,) and methods 
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of producing molybdenum. World production of molybdenum has 

risen to about 17,000 tons per annum. There are only eight com- 

mercially important producers of molybdenite of which five are in 

ae United States, and one each in Mexico, Norway and French 
orocco. 
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Preparatory Work for Ore Mining. O. Berggren. (Jernkon- 
torets Annaler, 1942, vol. 126, No. 7, pp. 301-326). (In Swedish). 
The author explains and gives examples of calculations for deter- 
mining the most economical methods of sinking shafts and carrying 
out other preparatory work for mining iron ore. 

The Experimental Determination of the Degree of Efficiency of 
the Work Expended when Drilling at Different Air Pressures. 
-E. Rothelius. (Jernkontorets Annaler, 1942, vol. 126, No. 2, 
pp. 71-81). (In Swedish). The author reports the results of an 
investigation of the efficiency of a rock-drilling machine when 
operated at different air pressures. The tests were made in Stock- 
holm granite using 1-in.-dia. drill steel with apparatus with which 
the following items could be determined : (1) The pressure of the 
air fed to the machine; (2) the amount of air used to drive a hole 
250 mm. deep; (3) the temperature of the air entering and leaving 
the machine; (4) the time taken to drill the hole; (5) the diameter 
of the crown of the bit before and after each test; and (6) the 
volume of the hole. 

Measuring the Air Consumption of Loading Machines. T. Jens- 
felt and P. V. Villner. (Jernkontorets Annaler, 1942, vol. 126, 
No. 4, pp. 115-130). (In Swedish). The authors describe an air- 
metering apparatus designed for measuring the air consumption of 
pneumatic ore-loading machines used in some of the Swedish iron 
ore mines. The average consumption of the machines tested was 
about 5 cu. m. per min. or about 7 cu. m. per ton of ore loaded ; 


vol. 126, No. 6, pp. 177-216). (In Swedish). The author gives a 
comprehensive review of the mining of iron ore in central Sweden 
from 1890 to 1938. A very substantial increase in the quantity 
mined took place about the turn of the century, due largely to the 
extension of the railway system and the application of power- 
driven machinery. The average annual quantity mined in the 
period 1833-1910 was 773,000 tons which increased to 2,444,000 
tons for the period 1911-1938, and for the last few years of the 
latter period this average had risen to about 4,000,000 tons. Tables 
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and graphs of the production and labour employed in different areas 
are presented which include separate data for the manganiferous 
ores and for the ores with high, medium and low phosphorus con- 
tents. 

Industrial-Scale Tests on Hematite Flotation. G. G. Bring and 
I. Janelid. (Jernkontorets Annaler, 1942, vol. 126, No. 5, pp. 
143-160). (In Swedish). The authors give an account of some 
full-scale tests on the continuous flotation process of concentrating 
Swedish hematite. 100-ton lots of ore from the Stripa mine were 
used, the method being that described for an earlier small-scale 
investigation (see Journ. I. and 8.I., 1941, No. I1., p. 106 4). These 
tests proved that there was no difficulty whatever in producing a 
65-66%, concentrate from a 35% iron ore by the flotation method 
described. There was some difficulty in getting rid of the phos-- 
phorus in the apatite so as to keep that in the concentrate below 
0-005%. 
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Refractories in War-Time. T. W. Howie. (Metallurgia, 1942, 
vol. 27, Dec., pp. 59-61). The author reviews developments in 
refractory materials, particularly those which have been stimulated 
by war-time conditions. The possibility of producing forsterite 
bricks from serpentine rock which occurs in the Shetland Islands 
and the Western Highlands of Scotland is suggested. Considerable 
improvements might also be made by further standardisation, 
especially of electric-are furnace roof-bricks and in casting-pit 
refractories. 

Acid and Basic Bessemer Refractories. J. H. Chesters. (Iron 
Age, 1942, vol. 150, Nov. 5, pp. 43-48). The author discusses 
English and American practice in the lining of acid and basic 
Bessemer converters and mixers. Most American converters are 
lined with sandstone, and it is surprising that they can be safely 
lined with material containing substantial quantities of raw quartz 
when they operate at such high temperatures. Conversion of this 
quartz to cristobalite must take place, at least in the surface layers 
and considerable expansion occurs. It is probably the cylindrical 
shape of the converter body which makes expansion possible with- 
out loss of shape or serious spalling. The basic converter is lined 
with tarred “ basic’ (dolomite calcined at a high temperature) 
which may be in the form of blocks or a monolithic ramming. For 
the latter type of lining the importance of using the optimum tar 
content cannot be too highly stressed ; the amount varies between 
5% and 7%, and changes within these limits should be made to 
allow for the different conditions at different points in the vessel 
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lining. The lining is broken in for service by charging with hot 
coke, and subsequently lime and iron, and blowing until the iron is 
converted into a slag of the following approximate analysis: FeO 
30%, Fe,03 20%, CaO 25%, MgO 15%, SiO, 6% and Al,O; 4%. 
British Standard Test Code for Kilns for Heavy Clay Ware, In- 
cluding Refractory Materials. (British Standards Institution, No. 
1081-1942). This test code has been drawn up to indicate the 
methods which should be adopted and the data which should be 
obtained in the testing of intermittent, continuous car tunnel, ring 
tunnel and chamber continuous kilns used in the heavy clay and 
refractory industries. 
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(Continued from pp. 39 A-41 A) 


A Review of Recent Progress in Heat Transfer. C. H. Lander. 
(Proceedings of the Institution of Mechanical Engineers, 1942, 
vol. 148, No. 3, pp. 81-112). The author discusses the increase in 
knowledge of heat transfer during the last thirty years. Complete 
rationalisation is still not possible, but dimensional methods similar 
to those used in ship and aircraft design are being applied more and 
more generally to heat-transfer problems. By their aid the prac- 
tical range of any set of data may be greatly widened. For ex- 
ample, experiments made under pressure on surfaces only a few 
inches high may be used to deduce the heat transfer for surfaces 
several feet high at atmospheric pressure. Selected cases dealt 
with include: Forced convection for banks of tubes and beds of 
broken solids, and the relation between heat transfer and friction ; 
natural convection from vertical and horizontal surfaces and across 
fluid layers; heat transfer in the drop and film condensation of 
steam, and in film and nucleate boiling ; evaporation and its rela- 
tion to convection; emissive powers of surfaces for radiation ; and 
radiation from non-luminous gases. 

An Investigation on the Heat Transfer in Rolling-Mill Furnaces 
with Reference to the Soaking of Blooms. A. Schack. (Iron and 
Steel Institute, 1943, Translation Series, No. 124). An abridged 
English translation is presented of a paper which appeared in Archiv 
fiir das Eisenhiittenwesen, 1930, vol. 4, Jan., pp. 333-342 (see 
Journ. I. and §.I., 1931, No. I., p. 639). 

Furnace Efficiency. (Coke and Smokeless-Fuel Age, 1942, vol. 4, 
Dec., pp. 245-247). The practical meaning of the term efficiency 
as applied to industrial furnaces is discussed, and the difficulty of 
calculating the efficiencies of heat-treatment and other furnaces 1s 
explained. The formule put forward by H. Schwiedessen in a 
recent paper on the thermal efficiency of industrial furnaces are 
considered (see Journ. I. and 8.L, 1942, No. IL., p. 4 4). 
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The Effective Heat Requirement of a Furnace. G. Neumann. 
(Iron and Steel Institute, 1943, Translation Series, No. 120). An. 
English translation is presented of a paper which appeared in 
Archiv fiir das Eisenhiittenwesen, 1932, vol. 5, Mar., pp. 471-475 
(see Journ. I. and §.1., 1932, No. I., p. 473). ; 

The Construction and Operation of Furnaces with Particular 
Reference to Heating Furnaces. A. Schack. (Iron and Steel Insti- 
tute, 1943, Translation Series, No. 118). An English translation is 
presented of a paper which appeared in Archiv fiir das Kisen- 
hiittenwesen, 1931, vol. 5, Oct., pp. 193-208 (see Journ. I. and 8.1., 
1932, No. L., p. 472). 

The Carburetting of Long-Distance Gas with Liquid Coal-Tar 
Pitch and Pitch Additions to the Fuel in the Operation of Open- 
Hearth Furnaces. I. Plant for Carburetting Long-Distance Gas 
with Coal Tar Pitch when Melting in Open-Hearth Furnaces. P. 
Bremer. (Stahl und Eisen, 1942, vol. 62, Oct. 29, pp. 913-917). 
The author describes and illustrates modified and improved equip- 
ment for supplying liquid pitch to long-distance-gas burners for 
open-hearth furnaces, and discusses some of the developments made 
since the publication of an earlier report (see Journ. I. and S.L., 
1938, No. I., p. 177 4). Some consumption data are presented. 
For a basic open-hearth furnace producing 150 tons of steel per 
day the average consumptions per ton of steel over a long period in 
1940-41 were gas 270 cu. m. and pitch 16 kg., the mixture being 
such that the pitch produced 11% of the total heat. 

The Carburetting of Long-Distance Gas with Liquid Coal-Tar 
Pitch and Pitch Additions to the Fuel in the Operation of Open- 
Hearth Furnaces. II. Pitch Additions to the Fuel in Open-Hearth 
Plant. C. Meier-Cortes. (Stahl und Eisen, 1942, vol. 62, Oct. 29, 
pp. 917-920). The author describes how burners for coal-tar pitch 
with the necessary heating and pumping equipment were fitted to 
an open-hearth furnace, which had been fired with a mixture of 
producer gas and coke-oven gas from an overloaded ring main. In 
this case the pitch acted not only as a carburetting agent, but also 
as part of the fuel to supply the heat required. Two pairs of 
water-cooled nozzles with 1-75-mm.-dia. orifices were fitted, one at 
each end of the furnace ; these burners were positioned so that the 
pitch flames from two burners at one end met at an angle of 70°, 
for an angle of 90° had been found unsatisfactory. The pitch was 
heated with a hot-oil-circulation system kept at about 175° C., and 
it was atomised by compressed air at 6 atm. heated to 250° C. In 
designing the equipment for a 50-ton furnace it had been calculated 
that 187 kg. of pitch per hr. would be required to produce the same 
amount of heat as 400 cu. m. of coke-oven gas. In practice, how- 
ever, it was found that this consumption could be reduced to 100 kg. 
per hr. without lowering the production. The reason for this prob- 
ably is that the rate of heat transfer from the luminous pitch flame 
is greater than with a coke-oven-gas flame. After initial trials and 
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adjustments, satisfactory equipment and an economical method of 
operation were developed. 

The Top Horizontal Flue. (Coke and Smokeless-Fuel Age, 1942, 
vol. 4, Oct., pp. 210-214). A description is given of attempts which 
have been made to improve the design of coke-oven flues so as to 
produce the optimum conditions in the free space above the charge 
- for the formation of benzol. The Koppers top horizontal flue for 
twin-flue ovens is described; in this the flow of gases from the 
vertical flues into the upper flue can be adjusted by dampers and 
the temperature at the top of the oven can thus be controlled. 
Experience gained in Russian coke-oven practice as reported by 
J. B. Peisakhson is quoted (see Iron and Steel Institute, Translation 
Series, No. 58). 

The Dry Cooling of Coke. (Coke and Smokeless-Fuel Age, 1942, 
vol. 4, Nov., pp. 224-227; Dec., pp. 241-244). In the first article 
of this series descriptions are given of some coke-cooling plants 
operating on the Sulzer dry-cooling system. There are at present 
thirteen bunker-type Sulzer plants operating, or under construc- 
tion, at gas-works. A large unit with a capacity of about 700 tons 
of coke per day operates at the Ford plant at Dagenham. ‘This 
plant contains two cooling units which usually work in parallel and 
cool the coke from 980° C. to 300° C. The average steam production 
is 1100 lb. per ton of coke cooled ; the steam pressure is 200 lb. per 
sq. in., and its temperature after superheating is 315° C. In the 
second article a description of the Collin system of cooling coke is 
given. This process is used, as far as is known, at three coke-oven 
plants, two in Germany and one at the Iscor Works at Pretoria. 
A battery of cooling chambers is employed, placed in front of and 
below the coke-ovens. Each chamber serves three ovens, and the 
coke is discharged direct from the ovens into the chambers with a 
specially designed guide fitted with a swivelling end-shield to con- 
duct the coke from any one of three ovens. The chambers are 
fitted with cast-iron step-grates upon which the coke rests, and are 
connected. by valves to a common, main in a closed circuit, which 
also includes a boiler, superheater and feed-water heater. The 
inert circulating gas, which is air deprived of its oxygen, is heated 
by the coke, and then communicates its heat to the other plant in 
the cycle. 

The reduction in cooling time that has been effected in the unit 
chamber type of plant has made this design suitable for even the 
largest capacities. There is every prospect of an increased use of 
dry cooling in steelworks’ coke-ovens and in colliery coke-ovens 
producing for the iron and steel industry. ve 

Producer Gas. L. Clegg. (Journal of the Junior Institution of 
Engineers, 1942, vol. 53, Dec., pp. 55-76). The author gives a 
comprehensive account of producer-gas practice, discussing in turn : 
(a) The effect of oxygen or air upon hot carbon ; (6) the effect of 
steam upon hot carbon; (c¢) the formation of combustible com- 
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or steam. He describes different types of gas producers and 
auxiliary equipment. 
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The Planning of an Ironworks for Norrbotten. N. Danielsen. 
(Teknisk Tidskrift, 1941, vol. 71, Dec. 20, pp. 541-544). (In 
Swedish). The idea of building an ironworks in the province of 
Norrbotten in Northern Sweden has been put forward more than 
once, but nothing definite came of it until 1940, when the Norr- 
bottens Jarnverk Aktiebolag was formed with the Swedish State 
as the sole shareholder. In this paper the author outlines some 
of the plans which have been put forward and gives some informa- 
tion on the decisions of the board of the above company. It has 
been decided to erect a works at Svartén near Lulea, consisting of 
two electric blast-furnaces capable of producing 60,000 tons of pig 
iron per annum, two basic Bessemer converters and an electric 
steel furnace. The phosphoric ores from the Norrbotten field will 
be used with coke or a mixture of coke with up to 75% of charcoal 
for reduction. The electric power requirements are estimated at 
about 27,000 kW. Provision has been made for putting in a plant 
to make granulated iron by the Rennerfelt-Kalling process if this 
should be thought advisable at a later date. 

East Texas to Become a Pig Iron Producer. G. H. Anderson. 
(Mining and Metallurgy, 1942, vol. 23, Aug., pp. 417-419). The 
United States War Production Board has recently sanctioned the 
erection of a blast-furnace, a battery of coke-ovens, and an ore- 
beneficiation plant in north-eastern Texas. In this article the 
author gives a brief description of the district from the iron-making 
point of view with some particulars of the ore and coking-coal 
deposits and the proposed method of beneficiation. 

The Preparation and Smelting of Minette Ore and Blast-Furnace 
Flue Dust. J. Paquet and M. Steffes. (Iron and Steel Institute, 
1943, Translation Series No. 122). This is an English translation 
of a paper which was published in Stahl und Eisen, 1942, vol. 62, 
July 23, pp. 621-631. (See Journ I. and §.I., 1942, No. IT., p. 195 a). 

Increasing Blast-Furnace Efficiency with a Simultaneous Saving 
in Coke. E. Senfter. (Stahl und Eisen, 1942, vol. 62, Dec. 10, 
pp. 1041-1052). The author discusses numerous factors which 
affect the consumption of coke in the blast-furnace, such as the 
preparation of ores by crushing, screening and sintering. He 
directs attention to the consumption of power and fuel in these 
processes and describes methods of handling coke between the coke- 
ovens and the blast-furnace so as to produce a minimum of breeze ; 
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pees 3 sane is described which increases the efficiency of 
e early stages of the process taking place in th 
the blast-furnace. - a pea eT 
The Valuation of the Charge for the Production of Pig Iron in 
the Blast-Furnace. H. Bansen and E. Krebs. (Iron and Steel 
Institute, 1943, ‘Translation Series No. 123). An English transla-’ 
tion is presented’ of a paper which appeared in Archiv fir das 
Eisenhiittenwesen, 1940, vol. 14, Sept., pp. 91-103 (see Journ. I. 
and S.1., 1941, No. II., p. 194 4).. 
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Modern Foundry Work. R.J. Richardson. (Proceedings of the 
South Wales Institute of Engineers, 1943, vol. 58, No. 3, pp. 131- 
166). After a short review of the early history of founding, the 
author surveys the position now reached in foundry development, 
describing sand testing and control, moulding machines, the layout 
of a casting bay in an iron foundry and the dressing of castings. 
In conclusion he describes the casting of steel stud-link chains, 
anchors and bomb-cases. 

What is Briquetting Current Practice? W.A. Phair. (Iron Age, 
1942, vol. 150, Oct. 29, pp. 31-33). The author summarises the 
information received as a result of a questionnaire submitted to 
twelve American plants at which the briquetting of cast-iron bor- 
ings and steel turnings is carried out. Data on the briquette size, 
weight and density, and the output per shift are presented. All 
the plants agreed that only minor changes in cupola charging and 
melting practice were necessary, and that the use of briquettes 
lowered the cost of the metal at the spout. 

Ladle Metallurgy. J. H. Williams. (Institute of British 
Foundrymen:: Foundry Trade Journal, 1942, vol. 68, Dec. 17, 

_ 345-347). The author records some of his experiences in 
making ladle additions to molten iron tapped from cupolas. The 
silicon content could be raised 0-5% by ferro-silicon additions with- 
out cooling the iron too much. Manganese additions could be 
readily made, but the alloy added should be carbon-free, because 
the time in the ladle was much too short for the dissociation of 
manganese carbides. Chromium additions were the most difficult 
to make, and even with finely crushed ferro-chromium well rabbled 
into the metal, up to 15% of the amount added might be lost ; the 
best method was to add it in granular form, with no dust, slowly 
and directly to the ladle while the metal was being teemed. Nickel 
was easily added in the form of shot. Molybdenum additions are 
also easy to make at the spout, but a fair quantity of iron must 
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be allowed to accumulate in the ladle before adding the ferro- 
molybdenum. 

Electric Furnaces in the Manufacture of High-Duty Cast Iron. 
T. R. Twigger. (Institute of British Foundrymen : Foundry Trade 
Journal, 1942, vol. 69, Jan. 7, pp. 3-7; Jan. 14, pp. 25-28). The 
author discusses experience gained in the operation of electric 
furnaces at a foundry making piston rings by the centrifugal casting 
of high-duty iron. Two principal methods are in use: (1) Pro- 
duction of molten metal, either from a cold charge, or more often 
by modifying cupola metal of such a composition that the desired 
final composition can be achieved by mixing a percentage of the 
special electric furnace metal with the cupola metal. This is 
the method usually practised with the rocking are furnace. Since 
the supply must be continuous, two electric furnaces must be 
used, or, when using one electric furnace, the metal may be stored 
in a crucible furnace. (2) The continuous duplexing of molten 
cupola metal—in this case molten metal as near as possible to the 
desired final composition is melted in a cupola, and transferred at 
10-min. intervals to a ’Lectromelt furnace in which a 7-cwt. cold 
charge has already been melted. Alloy or steel-additions are made 
as necessary, and the metal is withdrawn, usually at 10-min. 
intervals, for casting. A specimen time-table is presented showing 
how the electric furnace and cupola operations are synchronised, and 
details are also given of how typical charges are made up, and of 
current and cooling water consumptions and labour requirements. 

Graphitisation of Martensite on Heating. A. Hultgren and 
O. Edstrém. (Jernkontorets Annaler, 1942, vol. 126, No. 3, pp. 
83-107). (In Swedish). The authors studied the effect of a pre- 
liminary heating and quenching treatment on cast iron before 
malleablising it. By prequenching, the number of graphite par- 
ticles after malleablising is increased from about 100 to 7500-35,000 
per sq. mm., the number depending on the quenching temperature 
and the malleablising treatment. Full details of the experiments 
on ordinary malleable iron and on iron alloyed with small amounts 
of nickel, chromium and molybdenum are given, together with 
micrographs of the structures obtained. On examining the micro- 
structure at different stages of malleablising, no case was observed 
of a graphite nucleus appearing within a cementite area. The 
nuclei formed in the matrix and, so it seemed, preferentially at the 
matrix-cementite boundaries. Tensile tests on pre-quenched and 
malleablised specimens showed a normal tensile strength but 
rather poor elongation, 6-7°% for unalloyed and rather less for 
_ alloyed iron. . 

Graphitization of Cementite in Cupola White Iron. N. A. Ziegler, 
W. L. Meinhart and A. J. Deacon. (Transactions of the American 
Foundrymen’s Association, 1942, vol. 49, Mar., pp. 449-472). The 
authors studied the graphitisation of cast iron at various stages 
during the malleablising process. This was done by determining 
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the growth of the white iron with a dilatometer and correlating the 
data with the chemical analysis and observations of the micro- 
structure. The specimens of white iron contained combined carbon 
2-98%, graphitic carbon 0-18%, silicon 0-91%, manganese 0-47%, 
sulphur 0-92% and phosphorus 0-17%, The results obtained con- 
firmed those of previous investigators who have found that graphi- 
tisation of white iron occurs in two stages. The first stage is the 
graphitisation of excess cementite, the rate of which is determined 
by the temperature above the transformation range, the most 
efficient one being 930-980° C. The second stage, or the graphitisa- 
tion of pearlite, takes place in, and just below, the eutectoid range, 
i.e., at about 700-730° C. In the present tests only the excess 
cementite and limited amounts of carbon held in solution by aus- 
tenite were graphitised in the first stage. In the second stage the 
graphitisation progressed more slowly, but, since there was less 
carbon held in solid solution, it was more complete. The most 
rapid phase of the second-stage graphitisation occurred simul- 
taneously with the formation of pearlite from austenite, hence the 
most efficient way of carrying it to completion is to reduce the 
holding temperature in steps within the eutectoid range. 
Graphitization Symposium—I. The Principles of Graphitization. 
H. A. Schwartz. (Transactions of the American Foundrymen’s 
Association, 1942, vol. 50, July, pp. 1-23). The author discusses 
the theory of the process of making malleable cast iron. He first 
shows the effects of time, temperature and composition on the 
structure produced when cast irons solidify, illustrating this with 
micrographs, and then explains the effect of temperature on the 
decomposition of iron carbide, graphite precipitation and how 
various factors influence the nucleation and growth of the carbon 
nodules. Finally, some points relating to graphitisable steels are 
dealt with. The commercial graphitisable steels contain about 
1-0-1-5% of carbon and about the same amount of silicon; when 
heated into the temperature range of the first stage of malleable 
annealing, they contain no excess of cementite; graphitisation can- 
not therefore begin by the precipitation of graphite at the junction 
of the cementite and the solid solution. Apparently in such material 
the graphite nuclei form round oxides or sulphides. The heat 
treatment in the second stage of annealing these steels must be 
controlled so as to give the desired structure to the matrix of the 
product. sy 
Graphitization Symposium—II. The Suppression of Graphitiza- 
tion by Supercooling. C.H. Junge. (Transactions of the American 
Foundrymen’s Association, 1942, vol. 50, July, pp. 24-29). The 
author describes what happens when a liquid freezes, taking a pure 
metal as an example, and explains the phenomenon of super- 
cooling ; he then applies these explanations to the freezing of liquid 
iron containing silicon and carbon, and stresses the importance of 
supercooling in the suppression of graphite formation. 
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Graphitization Symposium—III. The Effect of Composition on 
the Annealing of White Cast Iron. W.D. McMillan. (Transactions 
of the American Foundrymen’s Association, 1942, vol. 50, July, 
pp. 30-38). The author describes tests on eleven white cast irons 
with silicon varying from 0-90% to 1-80%, to determine the effect 
of the silicon content on the time required to complete the first 
stage of graphitisation, 7.¢., the graphitisation of excess cementite. 
It was found that the time required ranged from 24 hr. for the low- 
silicon irons to 3 hr. for the high-silicon irons. The number of 
graphite nodules was greater in the high-silicon irons, whereas 
prolonging the holding time decreased the number. ; i 

Graphitization Symposium—IV. Periodic Malleable Annealing 
Furnaces. W. R. Bean and W. R. Jaeschke. (Transactions of the 
American Foundrymen’s Association, 1942, vol. 50, July, pp. 39—- 
49). The authors describe direct-fired and muffle batch malleablis- 
ing furnaces heated with hand-fired lump coal, pulverised coal and 
oil. Details are given of fuel costs, method of packing in boxes, 
stacking methods and temperature control. 

Graphitization Symposium—V. Malleable Annealing in the Dress- 
ler or Tunnel-Type Kiln. R. J. Anderson. (Transactions of the 
American Foundrymen’s Association, 1942, vol. 50, July, pp. 50- 
66). The author describes a Dressler car-type malleablising furnace 
at the works of the Belle City Malleable Iron Co. This furnace has 
a rail-track down the centre and a refractory muffle down each side ; 
it is sufficiently long to accommodate 62 cars each loaded with 
43-5 tons of castings. The cars are pushed with a hydraulic ram 
at the loading end at the rate of 12 per day, each car taking 124 hr. 
to pass through the tunnel. In periods of low production the very 
long furnace was found to be uneconomic; an opening was there- 
fore constructed half-way along, with hinged doors that could be 
controlled from outside the furnace. With this arrangement one 
half of the furnace could be heated by itself, and this was found 
both practical and economical. Particulars are given of the tem- 
peratures maintained, methods of control and costs. 

Graphitization Symposium—VI. Electric Furnace Annealing of 
Malleable Iron. R. M. Cherry. (Transactions of the American 
Foundrymen’s Association, 1942, vol. 50, July, pp. 67-80). The 
author describes and discusses the advantages and disadvantages 
of electrically heated pusher and roller-hearth malleablising furnaces. 
From the point of view of current consumption per ton of castings 
the roller-hearth furnaces are slightly superior, and the maintenance 
ee of trays and rails for the latter type of furnace is also somewhat> 
ower. 

Graphitization Symposium—VII. Graphitization of Arrested An- 
neal Malleable Iron. D. P. Forbes. (Transactions of the American 
Foundrymen’s Association, 1942, vol. 50, July, pp. 81-94). The 
author discusses two methods of graphitising white cast iron; in 
one the malleablising treatment is ‘‘ arrested” while some of the 
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combined carbon remains in solution in the matrix, and in the 
other, the iron is fully malleablised so that practically no combined 
carbon remains in the matrix, and it is then given a second treat- 
ment to bring the temper carbon back into solution in the matrix, 
where it is retained by quenching. Details are given of the time- 
temperature cycles required in the two forms of treatment and of 
the physical properties of the castings produced. Such iron, often 
called ‘‘ pearlitic malleable,” is of higher strength and wear-resist- 
ance, but is slightly less ductile than normal malleable iron. 

_ Graphitization Symposium—VIII. Atmospheres and the Anneal- 
ing of Malleable Iron. R.J.Cowen. (Transactions of the American 
Foundrymen’s Association, 1942, vol. 50, July, pp. 95-106). The 
author discusses the effects of surface decarburisation on the malle- 
ablising process. Surface decarburisation must be prevented dur- 
ing the first stage of the process because this considerably increases 
the time required for the second stage of malleablising. After the 
iron has reached full temperature, graphitisation of the combined 
carbon proceeds so rapidly that the amount of carbon in the matrix 
is considerably reduced in a comparatively short time. If the 
castings are surrounded in a protective atmosphere rich in hydro- 
carbons there will come a time when it will cease to be protective 
in the sense of preventing the loss of carbon from the metal, and 
will begin to recarburise the surface. If such an atmosphere be 
maintained throughout the entire first stage of the malleablising 
treatment, the surface of the casting will be found to have a sheath 
of carburised metal of a form that it is almost impossible to graphi- 
tise. In practice this difficulty can be got over by discontinuing 
the flow of gas after the metal has been at the maximum tempera- 
ture for about 2 hr. When this is done the time required for the 
first stage is reduced much below the normal periods, and the metal 
will respond much more readily to the second stage of the treatment. 

Some generators for preparing special atmospheres for malle- 
ablising furnaces are described. 

Graphitization Symposium—IX. Some Effects of Hydrogen on the 
Time of Malleablization. C. H. Lorig and M. L. Samuels. (Trans- 
actions of the American Foundrymen’s Association, 1942, vol. 50, 
July, pp. 107-125). See Journ. I. and S.1., 1942, No. II., p. 167 a. 

The Production of Steel Castings. I. W. Rowe. (Journal of the 
Institution of Production Engineers, 1942, vol. 21, Dec., pp. 469- 
483). The author gives an account of the production of steel cast- 
ings, describing in turn moulding methods, the provision of runners 
and feeder-heads, design to eliminate shrinkage cavities, closing the 
moulds, shot-blasting and dressing, heat treatment, metallurgical 
control and methods of testing. 

Theory of the Solidification of Castings. N. Chworinoff. (Iron 
and Steel Institute, 1943, Translation Series, No. 117). An English 
translation is presented of a paper in which formule are developed 
for calculating the rate and manner of the solidification of steel 
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castings of various shapes. The original appeared in Giesserei, 
1940, vol. 27, May 17, pp. 176-186; May 31, pp. 201-208 ; June 14, 
pp. 222-225 (see Journ. I. and S.I., 1941, No. II., p. 116 4). 

The Refractoriness and Evaluation of Mould Materials. W. Vaska. 
(Giesserei, 1942, vol. 29; Sept. 4, pp. 311-313). The author dis- 
cusses the behaviour of moulding and core sands in contact with 
molten and hot solid metals. The fusion point of grains of quartz 
sand is about 1750° C., but in contact with iron oxide (Fe,0,) the 
fusion point is considerably lower. As this oxide is formed when 
molten iron and steel are poured, the small quartz grains on the 
mould and core surfaces fuse on to the casting. The sticking of 
sand to castings is not caused by the alumina in the binding clay. 
No sand is found to burn on to a steel casting if the quartz sand 
contains a clay of low refractoriness (1080° C.) with alkalies present. 
Sand will, however, burn on to a grey iron casting, although the 
temperature may be 300° C. less than that of molten steel. The 
same applies to a sand containing cement as a binder. A steel 
containing carbon 0-32%, manganese 0-70% and silicon 0-31% was 
teemed through a fireclay tube which melted away, the resulting 
slag was analysed and found to contain more MnO than FeO in 
spite of the low manganese in the steel. In another test with a 
2°%-manganese steel, the resulting slag contained MnO 20-80% and 
FeO only 1:44%. It does not follow that the resistance of a 
material to slag attack is greater with increasing refractoriness. 

Unusual Patterns and Special Equipment for War Production. 
W. C. Perry. (Institute of British Foundrymen: Foundry Trade 
Journal, 1942, vol. 68, Dec. 31, pp. 381-382). The author discusses 
the making of unusual patterns of wood and of metal, in particular 
those for tank tracks. 

Some Technical Aspects of Foundry Cores. H. A. Stephens. 
(Institute of Australian Foundrymen : Commonwealth of Australia, 
Council for Scientific and Industrial Research, 1942, Industrial 
Chemistry Circular No. 1). The author reviews methods of making 
cores, discussing in particular the different types of binders and 
equipment for drying and testing cores. Experiments have shown 
that the cost per lb. for drying cores is less in an oven filled to 
capacity than in an oven partly full. It is therefore necessary to 
consider carefully the size of the oven that will be needed, and if 
the oven space is too large, it may be more economical to allow 
cores to accumulate until the oven is nearly full before heating up. 
A considerable amount of energy is used in heating driers and core- 

_plates so that the size of these should be kept down to a minimum. 

Chemical Phenomena in the Drying of Cores. F. Roll and 
Annemarie Riess. (Giesserei, 1942, vol. 29, Sept. 18, pp. 320-326). 
The authors studied the behaviour of core-sands and binders when 
drying cores at 20°, at 20-120° and at over 120° CG. The binders 
were classified in four groups, consisting of : (a) Linseed oil, wood 
oil and train oil; (5) sulphite lye and molasses; (c) starch and 
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dextrine ; and (d) stearine pitch and sulphate pitch. When dryi 
cores with oil-binders of group (a), aie ee distillation Aes 
place at under 100° C. At higher temperatures the very large sur- 
face area of the sand grains has a marked effect on the distillation. 
On distilling the binder alone there might be as much as 60% 
distillate, but on distilling a core-sand while excluding the air there 
is 30% distillate and, in air, only 20%. The different behaviour of 
the four groups of binders shows that, for proper drying, the heat 
treatment must be planned to a definite schedule having regard to 
the stages at which air, gases and moisture are driven off, and the 
principles of colloid chemistry must be taken into account. 
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The Metallurgy of the Bessemer Process. Theory and Practice. 
H. Wentrup. (Iron and Steel Institute, 1943, Translation Series 
No. 121). This is an English translation of a paper which was 
published in Stahl und Eisen, 1942, vol. 62, Sept. 3, pp. 749-756. 
(See p. 9 A). 

The Basic Open-Hearth Process To-Day. Part IV. Pitside 
Practice, Instruments and Fuel. W. Geary. (Metallurgia, 1942, 
vol. 27, Nov., pp. 23-27; Dec., pp. 77-79). Conclusion of a series 
of articles (see p.47 4). The author discusses in turn, ladles, stoppers 
and nozzles, teeming, ingot moulds and instruments for controlling 
open-hearth furnaces. Ladle capacity can be increased by careful 
reduction of the thickness of the lining in those places where least 
wear takes place; an increase of up to 15 tons in the capacity of a 
large ladle can be obtained in this way. Much attention is now 
given to the drying of prepared stoppers, and a type of oven is 
recommended with a stopper holder which revolves one notch of a 
non-return ratchet each time a stopper is inserted, thus making it 
impossible for a stopper to be withdrawn before the predetermined 
drying time has elapsed. A cinematograph film taken at high speed 
and projected at slow speed has revealed that there is no swirling 
action in the stream of steel leaving a ladle. Undue emphasis has 
been laid on the need for very small nozzles to ensure slow teeming 
and avoid cracking; if top pouring is used some splashing of the 
mould walls will take place, but the more rapid rise of metal which 
takes place when faster teeming is employed causes most of these 
splashes to be washed off and redissolved. Tar is most commonly 
used for coating ingot moulds, and the mould temperature when 
tar is applied should be such that the tar dries off, leaving a glaze. 
Any attempt to increase instrumentation will be of little avail unless 
adequate provision for continuous maintenance under melting-shop 
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conditions is made. In discussing the Schofield quick-immersion 
thermocouple, the author points out that by taking a number of 
simultaneous readings with this and a disappearing-filament optical 
pyrometer it has been possible to correct the emissivity factors for 
a number of steels, and thus to increase the accuracy of deter- 
minations made with the latter instrument. Data on the use of 
producer gas, mixed gas (blast-furnace gas and coke-oven gas) and 
‘‘ three-gas ”’ (mixed gas plus producer gas) are presented. Producer 
gas is used for heating about two-thirds of the steel furnaces in 
Great Britain. The producers should be worked not only with the 
object of making gas of high calorific value, but also so as to 
carry the maximum amount of tarry matter into the furnaces. 

Basic Open-Hearth Cold Metal Practice. S. W. Pearson. (Iron 
and Steel, 1942, vol. 16, Dec. 17, pp. 113-116). The author dis- 
cusses the charging and working of basic open-hearth furnaces using 
cold metal charges. With regard to the technique for adding iron 
oxide, if 3 or 4 tons of cold, and perhaps wet, oxide are plunged 
quickly into a bath with a fluid slag at perhaps 1500° C., there is 
bound to be a violent physical reaction, and an overflow of slag is 
likely to occur, but if the slag surface is temporarily chilled back, 
much of the oxide will lie upon this partially solidified surface, and 
only a small proportion will break the crust and react. In the 
meantime the balance of the oxide will have heated up appreciably, 
tending to attain as high a temperature as the slag, and no violent 
reaction will occur. 

Application and Control of Capacitors on Multi-Phase Loads. 
W. A. Smiley. (Iron and Steel Engineer, 1942, vol. 19, Oct., 
pp. 26-33). The author explains how plant electric-power con- 
ditions were improved at a steelworks by the use of novel trans- 
former connections and capacitors. 

The Maintenance and Standardisation of Electrical Equipment at 
Iron and Steel Works. M. Hernberg. (Jernkontorets Annaler, 
1942, vol. 126, No. 7, pp. 255-280). (In Swedish). The author 
discusses and makes recommendations on the planning, installation 
and maintenance of electrical equipment in an iron and steel 
works ; in the second part of the paper he deals with the possi- 
bility of increased standardisation. 

Brushes and Brush Application. W. H. Beyerle. (Iron and 
Steel Engineer, 1942, vol. 19, Oct., pp. 40-43). The author makes 
recommendations on the maintenance of brushes for electric motors. 

Alloy Scrap in Steelmaking. C.H.Herty,jun. (American Society 
of Mechanical Engineers: Metals and Alloys, 1942, vol. 16, Aug.; 
pp. 253-254). The importance of reclaiming at all stages of manu- 
facture as high a proportion as possible of alloy steel scrap is 
stressed. The use of this scrap presents two problems : (1) Obtain- 
ing the scrap in proper form for charging; and (2) determining 
whether the scrap charged contains any elements not wanted in the 
heat. The first problem is dealt with by some form of crushing, 
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briquetting or baling. The second necessitates the active co- 
operation of users of the alloy steels to organise in their shops the 
careful segregation of different kinds of scrap. 7 

The Melting Together of Bushy Steel Turnings in a Furnace. 
F. Kohler. (Stahl und Kisen, 1942, vol. 62, Oct. 29, pp. 921-922). 
The author describes a method of reducing the bulk of bushy steel 
turnings which has been developed and patented by the Dortmund- 
Hoerder Hiittenverein. The process is based on the fact that steel 
turnings will burn without the addition of a fuel. A vertical 
cylindrical furnace with a conical bottom is required; the upper 
part is lined with refractory bricks, and the lower part with a 
rammed refractory. A circulation pipe for water-cooling is incor- 
porated in the lining round the hottest zone. The furnace stands 
on four columns, about 4 ft. high, under which a conveyor belt 
with cast-iron trays moves to carry away the product from the 
mouth of the cone. Ignition is commenced with a small wood or 
coke fire, after which no more fuel is required. The furnace requires 
almost continuous feeding with turnings, which can be done by a 
crane and grab, and it makes no difference whether the turnings 
are clean, oily or rusty. The partial burning of the lowest layer of 
turnings develops so much heat that a certain proportion melts 
without burning and the remainder break up into shorter lengths. 
The product leaving the bottom of the furnace consists of metallic 
iron with a small portion of oxide and a large proportion of broken- 
up turnings. An average sample of the product contains 90% of 
metallic iron and 10% of ferrosoferric oxide. The throughput of 
the furnace is about the same as the rate at which turnings can be 
unloaded from a railway truck with a steam crane. Two furnaces 
of this type have been in successful use for over a year. 

Swart Washing and Oil-Recovery Plant. (Engineering, 1943, 
vol. 155, Jan. 15, pp. 46-47). A description is given of a plant for 
removing and recovering oil from large quantities of turnings. The 
principle adopted is the washing of the swarf by sprays of water as 
it is transported on a conveyor, and recovering the oil from the 
wash-water by a combination of settling and centrifuging. The 
plant in question will clean 10 tons of swarf per day, from which 
as much as 30 gallons of oil per ton may be recovered. 

Production of Metallic Calcium. (Metal Treatment, 1942, vol. 9, 
Winter Issue, pp. 1938-195). A brief account is given of a method 
developed in the United States for producing calcium by the electro- 
lysis of calcium chloride. The forms in which calcium 18 available 
and its application as a deoxidiser for steels are also described. 

Determination of Inclusions. A. G. Arend. (British Steel- 
maker, 1948, vol. 9, Jan., pp. 32-35). The author describes a 
modification of Fitterer’s electrolytic method of determining inclu- 
sions in steel. In this method, by electrolysing selected samples 
of steel, the iron content can be made to migrate to the anode, 
while inclusions in the form of oxides, sulphides, slag pacviniss &e., 
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remain as an anode sludge. In the improved method almost the 
entire sample is consumed ; this is done by preparing the sample in — 
round or elliptic “‘two-bar ” form. The electrolyte consists of 3% 
ferrous sulphate crystals and 1% sodium chloride dissolved in dis- 
tilled water. An artificial-silk product is used for the dialysing 
bags and, instead of applying 1 amp. per 50-g. sample, five times 
this current can be substituted depending upon the A.C./D.C. ratio 
and the frequency of the former. The electrolysis is carried out in 
a copper tank which serves as the cathode for six samples. The 
samples become ionised with two positive charges, and the iron 
constituent passes rapidly into solution ; in so doing the electrolyte 
passes through the walls of the bag, leaving behind the anode 
sludge which represents the inclusions contained in the sample. 


FORGING, STAMPING AND DRAWING 


(Continued from p. 84 A) 


The Development of Forging Practice in Australia. W. Noad. 
(Australian Institute of Metals: Australasian Engineer, 1942, 
vol. 42, Oct. 7, pp. 9-11, 41-43). The author discusses the develop- 
‘ment of forging practice in Australia, describing and illustrating 
many of the steam hammers and hydraulic presses used. 

Pressing Heavy Steel Shapes. E. F. Cone. (Metals and Alloys, 
1942, vol. 16, Aug., pp. 232-237). The author describes some 
heavy pressing operations at the works of Lukens Steel Co., Coats- 
ville. These include: (a) The pressing of chamber heads 50 in. 
high, 59 in. wide, 223 in. deep and 34 in. thick; (6) combustion 
chamber heads for marine boilers; (c) brake-drums pressed from 
flat discs 79 in. in dia. x 14 in. thick; and (d) firebox parts. 

Maintenance of Hydraulic Equipment. G.C. Pfeffer. (Iron and 
Steel Engineer, 1942, vol. 19, Oct., pp. 43-44). The author makes 
recommendations on the maintenance of hydraulic systems with the 
object of reducing or preventing water hammer; these relate to 
the fitting of shock-valves and air-bottles. 

Electric Patenting of Wire. J. P. Zur. (Wire and Wire Pro- 
ducts, 1942, vol. 17, Oct., pp. 552-560). The author describes the 
patenting of steel wire by a method in which the wire is heated 
by its own resistance to an electric current passed through it. The 
microstructures and properties of electrically patented and furnace- 
patented wires of 0-47% and 0-62% carbon steels are compared. 
After electric patenting, the pickling time necessary for cleaning 
was only about half that required after furnace patenting. The 
tensile strength, elongation and fatigue strength were greater for — 
the electrically patented wire. The electric treatment also has the 
following advantages: (1) There is no surface decarburisation and 
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practically no scale, even without using protective atmospheres ; 
(2) much finer grain structures can be produced ; (3) the patenting 
treatment is more rapid; (3) the heating and cooling cycles can 
be controlled very accurately ; and (4) the wire is quenched on a 
rising temperature. 

Scheduling and Planning the Wire Mill for War Production. 
L. D. Seymour. (Wire and Wire Products, 1942, vol. 17, Oct., 
pp. 523-531). The author describes a system of production control 
now operating successfully at a large Canadian wire mill doing 
jobbing work. Specimens of the forms used in the various depart- 
ments are reproduced. 
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(Continued from pp. 53 a—54 A) 


Maintenance of Ball and Roller Bearings. A. A. Van Pelt. 
(Iron and Steel Engineer, 1942, vol. 19, Oct., pp. 65-69). The 
author makes recommendations for the storing, cleaning and fitting 
of ball and roller bearings for electric motors, with particular 
reference to the equipment of the bearing-maintenance department. 

New Developments in Lubricants for Steel Plants. M. Reswick. 
(Iron and Steel Engineer, 1942, vol. 19, Oct., pp. 55-61). The 
author discusses the properties of extreme-pressure oil and greases 
for rolling-mill bearings and presents data on lubricants containing 
lead oleate and lead naphthenate. 

Roll More Tons. IV. Channel Calibrations. A. E. Lendl. (Iron 
and Steel, 1942, vol. 16, Nov., pp. 37-40, 45). Continuation of a 
series of articles (sce p. 54). In this part the author examines 
the calibration of a pass for a channel section. The calculations of 
the lateral spread give valuable information as to where alterations 
could be made to reduce the wear on the surfaces of the grooves 
go as to make the rolling smooth and economical. 
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(Continued from pp. 54 a—55 A) 


Automatic Time-Temperature Control in Heat Treating. (Iron 
Age, 1942, vol. 150, Nov. 5, pp. 54-55). A detailed description is 
given of an automatic temperature recording and controlling instru- 
ment with an example of its operation to control a heat-treatment 
furnace at a given temperature cycle. , ; 

Temperature Measuring Instruments. A. Linford. (Engineer- 
_ing and Boiler House Review, 1942, vol. 56, Dec., pp. 210-217; 


1943, vol. 57, Jan., pp. 2-8). The author reviews the design and 
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application of temperature-measuring instruments, dividing them 
into three classes: (1) Those operated by a change in length of a 
solid, or volume or pressure of a liquid; (2) those operated by a 
change in some electrical function caused by a change in tempera- 
ture; and (3) those based on principles of radiation. 

Graphitization Symposium—X.-Temperature Control of Graphi- 
tizing Furnaces. J. H. Lansing. (Transactions of the American 
Foundrymen’s Association, 1942, vol. 50, July, pp. 126-132). A 
brief explanation of the principle of temperature measurement by 
means of thermocouples is given and the type of instrument for 
controlling the temperatures of malleablising furnaces is described. 


HEAT TREATMENT 


(Continued from pp. 84 a—87 A) 


The Training of the Young Metallurgist. D. G. P. Paterson. 
(Sheet Metal Industries, 1942, vol. 16, Oct., pp. 1489-1496; Nov., 
pp. 1657-1661, 1673; Dec., pp. 1845-1849). This is a continuation 
of Part V. of the series of articles (see Journ. I. and 8.I., 1942, No. IT., 
p. 2214). This section deals principally with heat treatment. 
Some batch and continuous furnaces are described and illustrated, 
and explanations of annealing, bright-annealing and normalising 
are given, together with information on the composition and pur- 
pose of various heat-treatment furnace atmospheres. A number of 
heat-treatment installations for ferrous and non-ferrous metals is 
illustrated and described. The properties of austenitic corrosion- 
resisting steels are discussed and the principles of temperature- 
recording instruments are explained. 

Heat Treatment and Machinability of S82 Gears. (Mechanical 
World, 1942, vol. 112, Dec. 18, pp. 579-580). The material covered 
by Air Ministry Specification S82 is a case-hardening alloy steel 
containing nickel 4-0-4-5%, chromium 1-0-1-5% and molybdenum 
0:20-0:50%, which is used for highly stressed aircraft gearing. 
Because of its high alloy content it is one of the most difficult 
steels in which to obtain reasonable machinability at the various 
stages of manufacture. A banded structure in the steel gives 
particularly poor results in all machining operations, and especially 
in rough-machining prior to carburising. Details are given of two 
heat treatments, both of which have given good results. The second 
one, which is much shorter, is an austempering treatment consisting 
of heating the parts in an open furnace to 840° €., soaking for 1 hr., | « 
transferring the load to another furnace at 650° C., soaking for 1 hr, 
and cooling in air. This treatment breaks up the banded structure, 


refines the grain and results in a great improvement in the 
machinability and surface finish. 
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Flame Hardening with City Gas. Premixing Practice. R. F. 
Apter and H. W. Smith. (Machinist, 1942, vol. 86, Dec. 19, pp. 
947-949). The authors compare flame-hardening using oxygen and 
acetylene or propane with the results obtained using ‘air and town 
gas. With the latter, decarburisation and butning of the metal 
do not occur and the fact that most of the heat is transferred by 
radiation of the air-gas flame enables deeply recessed areas to be 
heated up and hardened. Suitable equipment for mixing the town 
gas and air is described. 

‘‘ Purging ’? Controlled Atmosphere Furnaces. F. B. Leslie. 
(Metals and Alloys, 1942, vol. 16, Aug., pp. 241-245). ‘To prevent 
the explosion of protective atmospheres rich in hydrogen or carbon 
monoxide when heat-treatment furnaces are brought up to tem- 
perature, it is usual to purge the air from the furnace while it is 
cool to bring the gas/air ratio well above the explosive range. In 
this paper an instrument is described which indicates when the 
purging is complete, and thus prevents the waste of gas which 
occurs when the operation is continued too long. 
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(Continued from pp. 88 A-89 A) 


Development in Cast-Iron Welding Rods and Electrodes. R. J. 
Franklin. (Welding Journal, 1942, vol. 21, Oct., pp. 698-699). 
The author discusses the influence of silicon, phosphorus, nickel 
and copper in cast-iron welding rods on the properties of the welds 
obtained. The generally accepted silicon content of 3% in rods 
with 3-30-3-40% of total carbon is thought to be too high, for 
tests with rods containing 2:20% of silicon showed that neither the 
hardness nor the machinability were adversely affected. Decreas- 
ing the phosphorus content of the low silicon rod from 0-75% to 
0-20% was not detrimental to the fluidity. In the case of the 
other elements found to be successful when used in combination 
with graphite, it is probable that the graphite plays the major role 
in inoculation, and that the metallic elements condition the weld 
metal by producing the necessary fluidity, thus permitting the 
inoculation by the graphite to occur. Nickel seems to be more or 
less neutral in conditioning the metal, although it can be used as 
an alloy. Copper will produce the desired characteristics, but it 
seems to be too sensitive at the fusion zone when welding certain 
low-carbon, low-silicon types of iron, . 

Welding Stainless Steel. A. J. T. Eyles. (Mechanical World, 
1942, vol. 112, Dec. 11, pp. 551-555). The author describes the 
technique for oxy-acetylene and electric welding stainless steel 


of different thickness. The different expansions of the yarious 
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steels must be taken into account; a straight chromium steel has 
a coefficient of expansion about 10% less than that of mild steel, 
whilst that of the chromium-nickel types is about 50% greater. In 
resistance welding, the mechanical pressure applied may be 75—100% 
above that used in welding ordinary steel. Several examples of 
welded stainless-steel equipment are illustrated. 

Welding Nickel, Monel and Inconel Clad Steels. W. G. Thei- 
singer. (Iron and Steel Engineer, 1942, vol. 19, Oct., pp. 75-80). 
The author describes the technique for electric welding steel plates 
clad with nickel, Monel metal or Inconel with special reference to 
the fabrication of railway tank wagons for conveying caustic soda 
and other chemicals. 

Electric Arc Welding of Structures and Plant in the Steel Industry. 
J. Wright. (Journal of the West of Scotland Iron and Steel Insti- 
tute, 1942, vol. 50, Part I., pp. 3-6). The author describes and 
illustrates some examples of special electric welding work at a 
steelworks. The examples include a stanchion portal to support 
two crane gantries at right angles to each other, a large tapering 
bend of 3-in. plate 7 ft. 3 in. in dia. at one end and 5 ft. in dia. at 
the other, and the casing and roller supports for an electric tilting 
furnace. 

How to Select Arc Welding Electrodes. C. H. Jennings. (Iron 
Age, 1942, vol. 150, Oct. 15, pp. 42-47). The author discusses the 
characteristics of some of the low carbon steel welding electrodes 
which are included in the Tentative Specifications for Iron and 
Steel Arc Welding Electrodes prepared by the American Society 
for Testing Materials and the American Welding Society. 

Memoranda on the Inspection and Control of Quality of Spot 
Welds in Mild Steel. (Ministry of Supply, 1942, Welding Memo- 
randum No. 8). The object of this Memorandum is to provide a 
summary of the factors which affect the quality of spot-welds, and 
to suggest methods of controlling and inspecting the quality. 

The Inspection of Welding. (Journal of the Institution of Pro- 
duction Engineers, 1942, vol. 21, Dec., pp. 492-516). This paper 
constitutes the First Report of the Welding Sub-Committee of the 
Institution of Production Engineers; in it an account is given of 
investigations of the permissible increase in the diameter of the 
electrode tip for spot welding before having to change it. It was 
thought that the permissible increases given in Welding Memoranda 
No. 8 of the Ministry of Supply (see preceding abstract) were unduly 
restricted. From experimental work on clean 20 8.W.G. mild-steel 
sheet it was concluded that: (1) A truncated cone with an included 
angle of 120° can be recommended as a tip contour ; and (2) although 
an increase of up to 103% in the tip diameter was recorded without 
severe falling off in weld strength or consistency, it appears necessary 
to limit the number of welds made under the stated conditions to 


the ‘pone at which surface appearance commences to deteriorate 
rapidly. 
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The Spot Welding of N.A.X. High-Tensile Steel. C. R. Schroder. 
(Welding Journal, 1942, vol. 21, Oct., pp. 690-694). In this paper 
the author discusses the results obtained in an earlier investigation 
by himself and W. F. Hess on the properties of spot welds in a low- 
alloy high-tensile steel sheet (see Journ. I. and 8.I., 1942, No. II., 
p. 144 a). The chisel test is a practical workshop method of deter- 
mining the proper magnitude of the heat-treatment current. Hard- 
ness tests at the centre of weld cross-sections for a series of welds 
with progressively increasing heat-treatment current enable the 
optimum current value to be accurately determined. The general 
procedure and method used could probably be applied to improve 
greatly the quality of spot welds in all types: of low-alloy high- 
tensile and deep-hardening steels. 

Machine Flame Cutting. E. H. Witt and A. Watson. (Aus- 
tralian Welding Institute: Australasian Engineer, 1942, vol. 42, 
Sept. 7, pp. 24a-25). The authors describe some of the oxy- 
acetylene cutting machines used in Australia and make recom- 
mendations on their maintenance. 


PROPERTIES AND TESTS 


(Continued from pp. 94 4-105 A) 


The Relationship between the Chemical Composition and the 
Mechanical Properties of Cast Iron. G. Brinkmann and P. Tobias. 
(Giesserei, 1942, vol. 29, Sept. 18, pp. 317-320). The authors dis- 
cuss formule which express the degree of carbon saturation in cast 
iron in terms of the carbon and silicon contents, and report the 
results of tests on samples from 100 melts, the object of which was 
to establish how the manganese and phosphorus contents affected 
this relationship. The irons tested covered analyses within the 
following limits: Carbon 2-6-3:8%, silicon 0:95-3-5%, manganese 
0-14-1-34% and phosphorus 0-12-0-91%. From the results ob- 
tained the formula of H. Jass, namely : 


VAG: 
Degree of carbon saturation = —, Si’ 


should be amended to : 


VE 
423 — 0-312 Si — 0°33 P + 0:066 Mn’ 


so as to take the effect of phosphorus and manganese into account. 


The tensile strength and hardness are in straight-line relationship 
with this corrected saturation value. ; 

A Killed Manganese-Phosphorus Basic-Bessemer Steel with a 
Minimum Tensile Strength of 46 kg. per sq. mm. R. Wasmuht, 
C. Salzmann and F. Bischof. (Stahl und Eisen, 1942, vol. 62, 


Nov. 12, pp. 963-968). The authors describe an investigation of 
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the properties of an aluminium-killed steel, intended for large struc- 
tural work, having a minimum tensile strength of 46 kg. per sq. mm. 
and containing carbon 0-13% max., manganese 10% max. and 
phosphorus 0:17% max. The segregation, structure, mechanical 
properties and weldability were studied using 5-cwt. and 4-ton 
ingots and material rolled from them. The strength at 400° C. 
was found to be adequate. The notched-bar toughness at — 50° C. 
was low. The fatigue strength of plain and notched specimens was 
considerably greater than that of steel St 37, but less than that of 
steel St 52. Favourable results were obtained in the bend test 
on beads on plates 30-mm. thick. In general, it was considered 
that this structural steel could be successfully introduced as having 
properties between those of the German structural steels St 37 and 
St 52. 

Effect of Cold-Rolling on the Properties of 18/8 Stainless 
Steel. W. Puzicha. (Stahl und Eisen, 1942, vol. 62, Oct. 29, pp. 
920-921). The author reports the results of an investigation of 
the effects of cold-rolling on the tensile strength and magnetic 
properties of 18/8 stainless steel strip containing carbon 0-05%, 
silicon 0:37% and manganese 0-66%. It was found that when the 
reduction was effected in one pass, the magnetic saturation was 
much lower than if the same total reduction was obtained in a 
number of successive passes. The increase in tensile strength was 
only slightly less after one pass than after several passes. If the 
rolls were heated so that the strip temperature was raised to 200° C., 
the increase in tensile strength was less marked than after rolling 
at room temperature. The magnetic saturation values after rolling 
in heated rolls dropped in some instances to less than 1 c.g.s. unit 


per g. 

Effect of Cold-Rolling and Annealing on the Watt Loss of Dynamo 
and Transformer Strip Steel. A. Pomp and H. Wiibbenhorst. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1941, vol. 23, No. 15, pp. 279-292). The authors studied the effect 
of the degree of cold-deformation and of annealing temperature and 
time on the watt loss of three basic open-hearth steels. (See Journ. 
I. and §.I., 1942, No. II., p. 120 a). 

Deformability at Low Temperatures. A. Krisch. (Mitteilungen 
aus dem Kaiser-Wilhelm-Institut fiir Kisenforschung, 1941, vol. 23, 
No. 14, pp. 267-277). The author describes an investigation of 
the plastic deforming properties, under conditions of multi-axial 
stress, of five unalloyed and five alloy steels at room temperature 
and at — 183°C. The five straight carbon steels contained carbon in 
the range 0-02-0-:77°% ; there were also four chromium-molybdenum 
steels and one chromium-molybdenum-vanadium steel. When 
using a notched specimen it was difficult to measure the deformation 
in tension, as the gauge length had to be short; to overcome this 
difficulty notches were not used, but specimens were turned with a 
collar in the centre; this produced a tri-axial stress condition in 
tensile tests. Bend tests on notched and plain specimens as well as 
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impact tests were carried out. With the alloy steels the increase in 
the elastic limit and the tensile strength of plain specimens at low 
temperatures were not so great as with the softer carbon steels. 
The reduction in area at — 183° C. was about two-thirds of that at 
420°C. The reduction in plastic deformation at low temperatures 
was much less for the alloy steels than for the carbon steels. The 
behaviour of specimens with collars was quite different ; with a 
0:23°% carbon steel there was a very slight increase in the tensile 
strength, whereas there was a reduction in elongation from 19-3% 
for the plain specimen to 153% for the specimen with a collar. 
The reduction of area was not affected by the form of specimen. 
Contrary to the carbon steels, alloy steels were much less sensitive 
at low temperatures to a change in specimen shape which caused 
uneven stress distribution; it is probable that these alloy steels 
offer a better resistance to unforeseen stresses, ¢.g., & bending moment 
caused by inaccurate fitting, because they retain, even at low 
temperatures, their plastic-deformation. capacity. 

In general, the various tests revealed that the capacity for plastic 
deformation of the steels under multi-axial stresses varies greatly. 

Statistical Investigations on the Causes of Fracture in Tyres 
and Rails. A. Pugch. (Stahl und Eisen, 1942, vol. 62, Dec. 3, 
pp. 1022-1033). The author reports on an analysis of the type and 
causes of fracture of over 550 cases of broken tyres and of 1300 
proken rails, undertaken for the German State Railways. In loco- 
motive and tender tyres, 57% of the fractures were due to fatigue, 
whilst this accounted for only 13% of those occurring in wagon 
tyres, which were of softer steel. The life of a locomotive tyre 
which fractured because of an internal defect was much shorter 
than of a tyre fractured by a fatigue crack commencing at the 
surface, About half of the rail fractures were due to internal 
defects, mainly cavities; fractures in the flat bottom and stress 
cracks are next in importance as causes, and after them come 
corrosion and traffic conditions. The life of fractured rails varied 
between 1 and 20 years, frequency curves indicating a peak at 
between 1 and 4 years; this peak lies between 5 and 8 years for 
rails fractured as a result of horizontal cavities in the head and. 
corrosion cracks. Fractures due to cavities occurred most fre- 
quently in old rails with a tensile strength below 70 kg. per sq. mm. 
Stress cracking, on the other hand, became frequent enough to be 
noticeable at a minimum tensile strength of 80 kg. per sq. mm. 
and, with the rails of about 100 kg. per sq. mm. min. tensile strength, 
this was responsible for about 90% of the failures. The phosphorus 
and sulphur contents of the newer rails were less than. those of the 
older ones, but neither this nor the degree of segregation, appeared 
to influence the failures. 

The Fatigue Testing of Cast Iron and Malleable Cast Iron. M. 
Hempel. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fir Eisen- 
forschung : Giesserei, 1942, vol. 29, Sept. 4, pp. 302-311). The 
author reviews some results obtained in recent investigations of the 
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fatigue strength of cast iron and malleable cast iron. He finds that, 


in spite of the erratic behaviour of cast iron as compared with steel, — 


and although it has less elongation and does not follow Hooke’s law, 
it is an excellent material to use where a high damping capacity and 
a low notch-sensitivity are required. The effects of various factors, 
such as the value of the mean stress and the character of the stress 
reversals, are discussed. 

Hardness Testing of Heat-Treated Forgings. B. Thomas. 
(Metallurgia, 1942, vol. 27, Nov:, pp. 28-30). The author discusses 
methods of testing the hardness of heat-treated forgings. He con- 
siders that testing machines of low loading capacity are unsuitable 
for rough forgings of considerable weight, but if such machines are 
the only ones available, the mean of at least three readings should 
be obtained. The manufacturer and the receiver should have some 
agreed arrangement regarding the use of similar testing methods. 

Surface Finish of Journals. R. W. Dayton, H. R. Nelson and 
L. H. Milligan. (Mechanical Engineering, 1942, vol. 64, Oct., 
pp. 718-726). The authors describe tests to study how the surface 
finish of journals affect the running-in, the friction and the seizure 
of bearings. Profilographs of the surface finish were taken before 
and after the tests. Fine finishes were studied, the roughest hav- 
ing a profilometer reading of only 10 micro-inches. A fairly good 
correlation was found between the load required to cause seizure 
and the product of the profilometer readings taken in the axial and 
circumferential directions. The surfaces with the highest product 
had the greatest tendency to seizure. This was approximately true 
irrespective of the finishing methods employed; sand-papered sur- 
faces had rather better than average seizure resistance and loose- 
abrasive-lapped surfaces rather poorer than average seizure resist- 
ance. During wearing-in, an extremely minute smoothing of the 
topmost part of the surface roughnesses took place, and this con- 
siderably changed the frictional characteristics. 

Steel Division Issues First Report on Magnetic Powder Testing. 
(American Foundryman, 1942, vol. 4, Oct., pp. 25-29). This con- 
stitutes the First Report of the Committee on Magnetic Powder 
Testing appointed by the Steel Division of the American Foundry- 
men’s Association. A number of definitions of magnetic pheno- 
mena are given first and the principles of magnetic-powder testing 
are explained in simple language. The wet and dry methods of 
applying powders to surfaces to be tested are described with some 
illustrated examples. 

Heat Resisting Alloys. T. G. Beament. (American Society 
for Metals: Canadian Metals and Metallurgical Industries, 1942, 
vol. 5, Oct., pp. 292-295). The author discusses the factors to be 
considered in selecting heat-resisting alloys in the design of plant 
which is to operate at high temperatures. Stresses set up by 
temperature fluctuations cause more failures in the general run of 
high temperature mechanisms than all other causes combined ; 
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allowance must therefore be made for dimensional variations which 
are many times as great as those encountered in ordinary structural 
engineering. Structures to operate at high temperatures should, 
where possible, be broken up into small units, all of which being 
free to expand and contract within their own limits ; this is especially 
true of such parts as rail assemblies and trays. 

Thermo-Electric Power of Very Pure Iron between 20° and 230° C. 
F. C. Thompson and N. C. Saha. (Iron and Steel Institute, 1943, 
this Journal, Section I.). The thermo-electric power of very pure 
iron has been accurately measured in the temperature range from 
20° C. to 230° C. No abnormalities which clearly exceed the 
experimental error have been noticed. The effects of such factors 
as the presence of hydrogen and cold-work have also been investi- 


‘gated, without any discrepancies being observed. The results tend 


¢o endorse the view, put forward by Sykes and Jones (see Journ. I. 
and S.1., 1939, No. I., p. 435P), that the abnormalities in the 
mechanical properties of iron and its alloys are not reproduced in 


its more definitely physical properties. 


The Influence of Temperature on the Modulus of Elasticity of 
Some Plain Carbon and Alloy Steels. G. C. Seager and F. C. Thomp- 
son. (Iron and Steel Institute, 1943, this Journal, Section I.). 
The variation of Young’s modulus with temperature has _ been, 
measured for a series of steels, both plain carbon and alloyed, using 
an interferometer of high sensitivity. It is shown that the curves 
are not smooth but have abnormalities which just exceed the 
experimental error. 

The Rationalisation of Special and Alloy Steels to Meet War-time 
Needs. W. H. Hatfield. (Sheffield Metallurgical Association : 
Tron and Steel, 1942, vol. 16, Dec., pp. 66-77). Special Steels and 
the Conservation of Alloys. W. H. Hatfield. (Metal Treatment, 
1942, vol. 9, Winter Issue, pp. 181-186). In the first part of the 

aper the author presents and discusses data on the imports during 
1937 of the United Kingdom, the United States, Germany, Sweden, 
Belgium and Luxemburg of essential materials for special and 
alloy steel production. He then describes the work of the Technical 
Advisory Committee which dealt with alloy steel production and 
the rationalisation of steel specifications. The author considered 
that the requirements for all rolled products could be supplied by 
not more than seven different steels ; the first three of these to con- 
tain; (1) Carbon 0-30-0:35% with manganese 0-70-0-:80%; (2) 
carbon 0:70-0:80% with manganese 0-40-0-45% ; and (3) carbon 
0-35-0-45% with manganese Ecias The remaining four to be 
high-tensile steels, as follows : (4) Manganese-molybdenum steel ; 
(5) 1-5%-nickel, 1%-chromium steel containing molybdenum ; (6) 
2-5%-nickel, 0-7°%-chromium steel high in molybdenum ; and. (7) 
4°%,-nickel, 1:25%/-chromium steel containing molybdenum. Steel 
No. 7 is intended for the small amount of steel of large section 
required with over 100 tons per sq. in. tensile strength. The author 
urged that, for war purposes, properly hardened and tempered 
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carbon steels should be used to a far greater extent than they had 
been; he presented comprehensive data on the properties and 
microstructures of these steels which proved that they could be 
applied over a wide field. 

NE (National Emergency) Alloy Steels. (Steel, 1942, vol. 111, 
Nov. 9, pp. 96-108). Several series of curves are presented showing 
the results of end-quench hardenability tests on the low-alloy 
National Emergency Steels NE 9500 and NE 9600. 

Alloy Cast Iron. J. E. Hurst (Journal of the Birmingham 
Metallurgical Society, 1942, vol. 22, Sept., pp. 55-66). The author 
describes the present position in the development of alloy cast iron, 
giving two examples of its applications which demonstrate the use 
of the higher attributes of the strength properties. These examples 
are piston rings and valve-seat inserts. The classification of cast 
irons in British Standard No. 786 and the heat treatment of cast 
iron are discussed. The tempering of quench-hardened specimens 
is accompanied by a recovery in the tensile strength, and this 
recovery increases uniformly with increasing tempering temperature 
until a maximum is reached; the maximum strength recovered is 
substantially greater than the “as cast’ value. The general char- 
acteristics of martensitic and austenitic cast irons are briefly con- 
sidered. 

A Thought for Silicon-Manganese Steel. B. Thomas. (Metal- 
lurgia, 1942, vol. 27, Dec., pp. 74-75). The author presents and 
discusses data on the properties of British Standard Steels “ En 45 ” 
and “ En 46”; both of these contain silicon 1-50-2-00% and man- 
ganese 0-60-1-00%, the former with carbon 0-50-0-60% and the 
latter with carbon 0-33-0-50%. It is shown that for a given heat 
treatment these steels have strength properties superior to those of 
straight carbon steels with 0-50°% or 0-80% of carbon, and they 
also have greater resistance to distortion with less risk of fracture. 

Nitrogen as an Alloying Element in Cr-Ni-Steels. D. W. Rudorff. 
(Metallurgia, 1942, vol. 27, Dec., pp. 68-71). The author reviews 
the literature on the effect of nitrogen on the properties of chrom- 
ium-nickel steels with special reference to the development in 
Germany of a number of stainless and heat-resisting steels in which 
much of the nickel content is replaced by nitrogen. 

Reference Tables of Rapid Scrap-Identification Tests. (Metals 
and Alloys, 1942, vol. 16, Aug., pp. 264-266). Three tables are 
presented in which are compiled methods of testing and the indica- 
tions obtained when making rapid identification tests on various 
scrap metals, including grey cast iron, austenitic nickel-iron, plain 
carbon steel, a wide range of alloy steels and a number of non- 
ferrous metals and alloys. The testing methods include visual 
examination, magnetic tests, lathe-chip test, blowpipe test, chemical 
drop reactions and spark tests. 

Round Strand Galvanised Steel Wire Ropes for Shipping Purposes. 
(British Standards Institution, No. 365—1942). 

Comparative Investigations of Ribbed Bars of High-Quality Steel 
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and Round Bars. N. Tengvik. (Teknisk Tidskrift, 1941, vol. 71, 
Dec. 13, pp. 525-533). (In Swedish). The author presents the 
results of mechanical tests of the strength of concrete beams rein- 
forced with ribbed round bars of high-tensile steel of a type rolled 
at a Swedish rolling-mill and proposes a standard specification for 
such bars. 

Austenitic Manganese Valve Steel. H. Cornelius. (Luftfahrt- 
forschung: Metal Treatment, 1942, vol. 9, Winter Issue, pp. 191—- 
192, 198). The properties of fifteen chromium-nickel steels with up 
to 8-86% of manganese were investigated. The specific gravity, 
wear under dfy friction, nitriding-hardenability, thermal expansion, 
thermal conductivity and creep strength were tested to ascertain 
which of the alloys was most suitable for facing the exhaust valves 
of aero-engines. The range of composition recommended is: 
Carbon 0:42-0-52%, silicon 1-5-2-0%, manganese 3-5%, nickel 
6—4-5%, chromium 17-5-18:5% and tungsten 0-9-1:3%. 

Steels in German Aircraft. H. Sutton. (Sheffield Society of 
Engineers and Metallurgists : Tron and Steel, 1942, vol. 16, Dec. 17, 
pp. 99-112). The information in this paper is based on the work 
of the Aero-Components Sub-Committee of the Technical Advisory 
Committee on Steels, Ministry of Aircraft Production. The author 
presents the results of mechanical and metallurgical tests on com- 
ponents taken from German aircraft. Probably the most out- 
standing feature of the steel components is the very good ductility 
and impact values obtained in many of the high-strength steels 
with the use of very small quantities of alloy additions. 

A Metallurgical Study of German and Italian Aircraft Engine and 
Airframe Parts. Section I. A Description of the Enemy Engines 
Examined. Section II. Crankshafts. Section III. Connecting Rods. 
Section IV. Gudgeon Pins and Wrist Pins. Section V. Cylinders and 
Cylinder Liners. Section VI. Inlet and Exhaust Valves. Section VII. 
Valve Springs. Section VIII. Gears. Section IX. Bearings. Section 
X. Camshafts and Airscrew Shafts. Section XI. Castings. (Metal- 
lurgia, 1942, vol. 26, Aug., pp. 129-136; Sept., pp. 164-173; Oct., 
pp. 205-212 ; vol. 27, Nov., pp. 12-21; Dec., pp. 51-58). This 
report constitutes a summary of data obtained in the metallurgical 
examination of German and Italian aircraft engine and airframe parts 
by the Aero-Components Sub-Committee of the Technical Advisory 
Committee on Steels, Ministry of Aircraft Production. 

Bonding Low-Tin Bearings to Iron and Steel. (Iron Age, 1942, 
vol. 150, Nov. 5, pp. 51-53). With the very low tin content now 
permitted for bearing metals and the decrease in the lining thick- 
ness, the problem of obtaining a very strong bond between the 
lining and the cast-iron or steel backing piece has arisen. This has 
been met in the United States by thoroughly cleaning the backing 
piece and “ tinning > i¢ with an alloy called “ Flo-Met’l,” which is 
a solid solution of a tin-antimony compound in lead capable of 
dissolving up to 7% of iron. The lining alloy can then be cast on 


to the tinned surface. 
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Electrolytic Polishing and its Application for Preparing Micro- 
specimens. E. Léwgren and G. Hildebrand. (Jernkontorets 
Annaler, 1942, vol. 126, No. 4, pp. 131-142). (Im Swedish). The 
authors describe a modification of the electrolytic polishing tech- 
nique of A. L. De Sy and H. Haemers (see Journ. I. and 8.1., 1941, 
No. II., p. 29 4) which they developed to suit the laboratory require- 
ments of Fagersta Bruks A/B. In the method described the speci- 
men rests on the anode and is completely immersed in the electro- 
lyte with the polished surface horizontal and facing the cathode. 
The advantages claimed for this procedure are: (1) No clamps are © 
required to hold the specimen ; (2) the “‘ corner effect ”’ is so slight 
as to be negligible so that the specimen can be examined for de- 
carburisation or other surface phenomena; (3) a constant current 
strength can be maintained irrespective of the size of the specimen 
as long as it is smaller than the anode plate; and (4) increased 
polarisation is obtained by having the anode under the cathode. 
Some micrographs of the polished surfaces are reproduced and 
discussed. ; 

Radium in Industrial Radiography. R. L. Durant. (Metal 
Treatment, 1942, vol. 9, Winter Issue, pp. 139-148). The author 
discusses the advantages and disadvantages of using gamma rays 
in industrial radiography and explains why they are superior to 
X-rays for certain applications such as steel castings above 3-4 in. 
in thickness. The technique for making gamma-ray exposures and 
developing films is described in detail. The sharpness of the image 
of a flaw depends on three variables: (1) The diameter of the 
source—the image becomes sharper as the diameter of the source 
decreases ; (2) the distance of the flaw from the film—the image 
becomes sharper as this distance decreases ; and (3) the distance of 
the source from the film—the image becomes sharper with increase 
in this distance. To train a foundry radiographer in the inter- 
pretation of radiographs he should be allowed to cut up, in the 
first year, samples of every pattern of casting radiographed and in 
which defects are suspected. 

Trends in the Technique of Industrial Radiography. H. E. 
Seemann. (ASTM Bulletin, 1942, Mar., pp. 21-26: Engineer, 
1942, vol. 174, Dec. 18, pp. 492-495). The author reviews the 
principal features of radiographic procedures for the examination 
of metals, dealing in turn with intensifying screens, the size of the 
focal spot, variable illumination, filtration, X-ray and gamma-ray 
films, and microradiography. 
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A Rapid X-Ray Diffraction Method. A. T. McCord. (Industrial 
and Engineering Chemistry, Analytical Edition, 1942, vol. 14, Oct., 
pp- 793-796). The author describes a technique for the rapid pre- 
paration of powder samples for X-ray diffraction work. The sample 
is formed into a rigid rod 3 mm. in dia., and is inserted in the 
camera to form one side of the defining slit. Under average con- 
ditions patterns are obtained which are sufficiently clear to identify 
crystalline powders, irrespective of their coefficients of absorption. 
An optimum set of conditions may be defined for any mixture of 
two or more substances so that analyses may be made with im- 
proved accuracy. 

The Positions of the Carbon Atoms in Martensite. N. J. Petch. 
(Iron and Steel Institute, 1943, this Journal, Section I.). It has 
been found impossible to obtain direct evidence of the positions of 
the carbon atoms in martensite. _ Indirect evidence can, however, 
be obtained from the change in cell dimensions with carbon content 
and from the fact that the structure is tetragonal. 

Tt is concluded that the carbon atoms are at the mid-points of 
the long edges of the martensite tetragonal cell and at the centres 
of the faces perpendicular to them. These positions are crystallo- 
graphically equivalent. In them the carbon atoms are surrounded 
by octahedra of iron atoms. There is never enough carbon in 
solution for all these positions to be filled. This would require 
2.0 carbon atoms per unit cell, whereas, with the observed maxi- 
mum carbon content, there will be an average of only 0-16 per unit 
cell. The behaviour is as if, at the most, each position were one- 
twelfth filled. 

The martensite structure is interesting because of its being tetra- 
gonal at all, and because the interstices utilised by the carbon atoms 
are not those which would normally be considered the largest. 
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(Continued from pp. 68 a—69 A) 


Rapid Carbon Determination at Furnace of Remelted Alloy Steels. 
R. O. Kern. (American Foundryman, 1942, vol. 4, Sept., pp- 8-10). 
The author describes a method of rapidly determining the carbon 
content of low-alloy steel which has been successfully used at an 
American steel foundry during the refining of steel in an electric 
furnace. From the results of many tests a reference curve relating 
the Brinell hardness to the carbon content was prepared. Spoon 
samples from the furnace are killed with aluminium or ferro-silicon 
and water-quenched. The mean of three Brinell hardness readings 
is taken, and from this value the carbon content 1s read from the 
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curve. The method has been found very accurate in the 0-15— 
0-45% carbon range for steels low in nickel and chromium. 

Determination of Carbon in Low-Carbon Iron and Steel. L. A. 
Wooten and W.G. Guldner. (Industrial and Engineering Chemistry, 
Analytical Edition, 1942, vol. 14, Oct., pp. 835-838). The authors 
describe an improved apparatus for the determination of carbon in 
iron by the low-pressure combustion method and its application to 
samples of very low carbon content. The method is inherently of 
very high sensitivity, but to exploit this it is necessary to exercise 
care in the purification of the oxygen and in the selection and 
conditioning of the combustion crucible. 

Application of the Spectrograph in Steel Plants. C. C. Nitchie. 
(Steel, 1942, vol. 111, Nov. 9, pp. 82-84, 124, 125). The author 
gives a concise explanation of the principles of the spectrograph and 
describes its application for steelworks’ analyses. 

A Critical Consideration of Some Applications of the Spectrograph 
to Steelworks Analysis. H. T. Shirley and E. Elliott. (Iron and 
Steel Institute, 1943, this Journal, Section I.). Developments in 
the technique and application of spectrographic methods to quanti- 
tative analysis have been rapid in recent years. In regard to 
steel, F. G. Barker (Journ. I. and 8.1., 1939, No. I., pp. 211 P- 
245 Pp) discussed and laid down a detailed procedure for the appli- 
cation of the spectrograph to low-alloy materials. The present 
authors have studied in considerable detail the application of such 
a method to routine steelworks’ analysis. 

It is pointed out that, at the present stage of development, errors 
in spectrographic analysis are often considerably greater than those 
of the alternative chemical procedure and possible advantages in 
speed or economy can only be exploited where the magnitude of the 
errors, coupled with the wideness of the melting specifications, 
makes their toleration possible. To explore the possibilities the 
whole technique has been studied and various precautions and 
modifications have been introduced to minimise maximum errors 
without rendering the process impracticable or uneconomic. 

It is emphasised that the highest accuracy is to be expected 
where large numbers of casts are melted to a single specification, 
permitting concentration on a relatively narrow range of com- 
position. In the authors’ work this has been possible in the case 
of two high-alloy steels, and many thousands of casts have been 
successfully analysed. Full details of the technique, the lines used, 
and the results obtained are given. 

In addition, working details and typical results are given for the 
case of mixed batches of low-alloy steels. Although the rather 
lower accuracy attainable under such conditions, together with, in 
general, much narrower melting specifications, has so far prevented 
the successful large-scale application of this procedure by the authors 
to the routine works analysis of such low-alloy steels, considerable 
use has been made of the method in special cases. Moreover, 


ANALYSIS. 145 4 


conditions in individual works vary, and where they are such as to 
permit, the concentration of a more limited range of compositions 
on. individual plates, higher accuracy and more successful applica- 
tions are to be expected for these materials also. It is hoped that 
the indications and data given will assist in such development. 

The Determination of Low Alumina Contents in Steel by Spectrum 
Analysis. ©. G. Carlsson. (Jernkontorets Annaler, 1942, vol. 126, 
No. 5, pp. 161-176). (In Swedish). The author describes in detail 
a method he developed for determining exceedingly low aluminium 
contents in steel. The sample is dissolved in dilute nitric acid, and 
a spectrum analysis is made by applying the solution to the carbon 
electrodes of a direct-current arc. By trying several variations in 
procedure a method was developed by which the mean error in 
determinations for any one specimen was about + 5%. By taking 
the mean of three results it was possible to make determinations of 
low aluminium with an absolute variation of less than + 0-001%. 
' This is an accuracy equal to that previously obtained with spark 
excitation. The arc method also has the advantage that the inter- 
ference of other alloying elements is practically negligible ; for 
instance, 0-2°% of molybdenum affects the aluminium determination 
with spark excitation, whilst as much as 2-0°% has no effect with 
the arc method. 

Routine Colorimetric Determination of Titanium in Chromium 
Steels. L. Silverman. (Industrial and Engineering Chemistry, 
Analytical Edition, 1942, vol. 14, Oct., pp. 791-792). The author 
describes the procedure for making simple routine determinations 
of titanium in certain steels. The sample is dissolved in a mixture 
of hydrochloric and nitric acids and fumed in perchloric acid, the 
chromium trioxide is filtered off cold and the titanium determined 
colorimetrically. 

The Chemical and Physico-Chemical Analysis of Iron and Steel— 
Twelve Years’ Advancement. E. C. Pigott. (Metallurgia, 1942, 
vol. 26, June, pp. 73-74; July, pp. 113-115; Aug., pp. 145-147 ; 
Sept., pp. 189-191 ; Oct., pp. 202-204 ; vol. 27, Nov., pp. 31-33 ; 
Dec., pp. 80-82). The author gives an exhaustive and descriptive 
bibliography of methods of analysing ferrous metals which were 
published during the period 1930-1941 inclusive. 

Equipment for Determining Moisture in Coal. O. W. Rees and 
K. F. Bursack. (Industrial and Engineering Chemistry, Analytical 
Edition, 1942, vol. 14, Sept., pp- 729-731). The authors report on 
successful attempts to determine the moisture contents (5-19%) of 
four qualities of Illinois coal by means of a semi-automatic ‘‘ moisture 
tester.” This apparatus, which is illustrated, is frequently used in 
the U.S.A. for the examination of food products and powders. Its 
main feature is an electrically heated chamber, combined with a 
balance in such a way that readings can be made without removing 
the sample from the chamber. 
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Hirst, H. X-Rays in Research and Industry. 8vo. Pp. 96, illus- 
trated. Melbourne, 1942: Tait Publishing Co. Pty. Ltd. 
(Price 7s. 6d. cloth, 5s. paper). 


The author of this small book is Assistant Director of Metallurgical 
Research at the University of Melbourne and is temporarily engaged 
as Manager of the Metallurgical Division, Ordnance Production 
Directorate, Ministry of Munitions, Australia. ; 

The subject-matter is substantially the same as that of a series of 
lectures given under the same title before the Melbourne University 
Metallurgical Society in 1941. The purpose of the lectures was to 
indicate the types of problems in industry and in research, and in 
particular those problems coming within the field of physical metallurgy. 
In the publication of these lectures, the opportunity has been taken to 
rearrange some of the material, and it is hoped that in its form the book 
will fill a great need in providing in one small volume a thorough and 
self-contained study of the principles of X-ray technique and the 
versatility of its application. The contents are as follows: I. Produc- 
tion of X-Rays; II. Properties of X-Radiation; III. Structure of 
Crystals; IV. Methods of Crystallographic Examination; VY. Applica- 
tion of the X-Ray Methods; VI. Industrial Radiography. 

Dr. H. Lipson points out that there are many obvious errors. On 
page 11, for instance, ‘‘e” is printed for “ p”’; on page 13 “ tetragonal”’ 
and ‘‘ hexagonal’’ are interchanged in Table 2; on page 49 ** Cu,MnAl’”’ 
should replace ‘‘CuMnAl”’; and on page 50, “‘CuAl,’’ should replace 
**CuAl,.”? The author has also not been careful about references. For 
instance, Fankuchen (ref. 6, page 16) is not concerned with the separa- 
tion of a, and a,; Bradley and Jay (ref. 19, page 30) do not give a 
detailed description of their camera, and this will be more readily 
obtained from ref. 30; the description of Hume-Rothery’s camera is 
wrong (page 44). 

Several of the explanations also are not correct. The continuous 
radiation is due to the stopping of the electron beam, and not to the 
removal of electrons from the atom (page 9); the description of the @ 
factor (page 40) is misleading; the method of calibrating cameras 
(page 33) has been shown to be invalid; and the descriptions of the 
methods for analysing powder photographs (page 37) are far too 
optimistic, 

In discussing the errors in the measurement of powder photo- 
graphs (page 31) the word “inversely” has accidentally slipped in. 
Although these faults are many, the general scheme of the book is 
good and it is mostly quite well and competently written. 


Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung zu 
Diisseldorf. XXV.Bd. Herausgegeben von Friedrich Kérber. 


La. 8vo. Pp. 209, illustrated. Diisseldorf, 1942; Verlag 
Stahleisen m.b.H. 


In celebration of the jubilee of the Kaiser-Wilhelm-Institut fiir 
Eisenforschung after 25 years of research work this 25th volume has 
been issued; the current 24th volume of technical reports ends in 
the ordinary way at the end of 1942. The special volume is in three 
parts. The first part consists of an account, edited by W. Déonges, of 
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the foundation in 1917 and of the history of the development of the 
Institute. The second part comprises a review of the investigations 
and research work carried out by the Institute; in this, the various 
departments and the different testing laboratories are dealt with separ- 
ately. The third part contains a list in chronological order of all the 
technical reports published, together with separate author and subject 
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Acid and Basic Bessemer Refractories. J. H. Chesters. (Iron 
Age, 1942, vol. 150, Nov. 12, pp. 58-64). The author gives a detailed 
description of English and American practice in the preparation 
of acid and basic Bessemer converter bottoms. The life of a con- 
verter bottom varies from about 10 to 40 blows, according to con- 
ditions. With good conditions and a favourable manganese/silicon 
ratio, the average plug life may be as high as 34 blows. It is 
frequently observed that tuyéres wear back preferentially leaving 
the rammed mass and fillers standing above the rest of the material. 
Sometimes one tuyére goes back at a rate out of all proportion to 
that shown by the remainder. This rate may be as high as | in. 
per min. It has been suggested that boring may be due to the 
presence of an inferior tuyere, resulting in rapid wear, which 
becomes a self-accelerating process. A comparison of the properties 
of the longest and shortest tuyéres in a used acid converter plug 
‘ does not support this theory. It is possible that when two tuyere 
holes are abnormally close together, a cavity is produced in the 
tuyere end ; once this has formed, a quantity of metal will tend to 
fall into it, due to the local reduction of pressure, and this metal 
will be set in rapid motion by the blast in much the same way that 
a light ball spins on a jet of water; the intense oxidation of this 
metal and its superheated state will make it highly corrosive. 

Standard Refractories for Tapping Steel. (Jernkontorets An- 
naler, 1942, No. 8, pp. 358-375). (In Swedish). Particulars are 
given of the Swedish standard specifications for refractories for 
steelworks’ ladles which include lining bricks, launders and stoppers. 
These have been accepted as standards by Jernkontoret. 
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The Underfeed Stoker for Industrial Furnaces. H. L. Tinley. 
(British Steelmaker, 1943, vol. 9, Feb., pp. 62-65). After pointing 
out some advantages in using the underfeed type of stoker, the 
author describes its application to forging, billet and heat-treatment 
furnaces. Experience has shown that a very important saving 
of fuel is obtained as compared with hand-firing for the same furnace 
capacity. 

POperating and Maintaining Gas-Fired Industrial Furnaces. 
H. Schwiedessen. (Stahl und Eisen, 1942, vol. 62, Aug. 27, pp. 
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727-734). The author discusses measures for ensuring that gas- 
fired industrial furnaces are operated and maintained in the most 
economical and efficient manner. These measures include the 
training of personnel, drawing up furnace operation instructions, 
the adjustment of the air/fuel ratio to produce the best results, and 
automatic furnace regulation. 

Gas Burners. G. Neumann. (Iron and Steel Institute 1943, 
Translation Series, No. 128). This is an English translation of a 
paper which appeared in Stahl und Eisen, 1936, vol. 56, Aug. 20, 
pp. 941-952, in which the relative merits of low-pressure-gas fan- 
blast burners and high-pressure-gas air-suction burners for large 
annealing furnaces are discussed. 

Anthracite Coal Preparation at Onllwyn, Glam. (Iron and Coal 
Trades Review, 1948, vol. 146, Feb. 5, pp. 193-194). A brief 
description is given of the washing, drying and dirt-tipping plant 
for anthracite at the central washery of Evans and Bevan, Ltd., 
Onllwyn, South Wales. There are two washing units with a 
capacity of 100 tons and 150 tons per hr. respectively, a slurry- 
treatment plant and a rotary drier. 

The Analysis and Testing of Coal in Relation to its Properties 
and Utilisation. A. C. Fieldner. (Melchett Lecture: Journal of 
the Institute of Fuel, 1942, vol. 16, Oct., pp. 5-20). In 1904 the 
United States Geological Survey established a coal-testing plant, 
and this was the beginning of organised fuel investigation in the 
United States on a national scale; in 1910 this was taken over by 
the Bureau of Mines. In this paper the author reviews the contribu- 
tions of the Bureau from 1910 to the present time to the develop- 
ment and improvement of testing methods, and their application 
to the evaluation of those properties of coal which are important 
in its preparation and use, either directly as a fuel or for the pro- 
duction of gas, coke, liquid fuel, or chemical products. 

The Analysis of Coal, (Coke and Smokeless-Fuel Age, 1943, 
vol. 5, Jan., pp. 7-9). The scope of the laboratory-testing of coal 
is discussed with particular reference to the behaviour of coals on 
carbonisation. ‘The most promising apparatus for use in connection 
with the investigation of swelling is the comparatively large movable- 
wall vertical oven with bilateral heating developed by the United 
States Bureau of Mines, for this apparatus simulates coke-oven 
conditions more closely than is possible with any more simple 
equipment. It is clear that much research work has yet to be done 
on the testing of coals before the full-scale bulk test can be super- 
seded, and it is suggested that every coke-oven plant might be built 
with one or two ovens so arranged that they could be connected 
to an experimental by-product plant in order that the yield of pro- 
ducts could be ascertained by periodical tests. 

Recent Progress in Low-Temperature Carbonisation, (Coke 
and Smokeless-Fuel Age, 1942, vol. 4, Dec,, pp. 248-251; 1943, 
vol. 5, Jan., pp. 10-13). A review is presented of the development 
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of low-temperature carbonisation processes in Great Britain, the 
United States and Germany. In Great Britain and the United 
States there does not appear to be the same clear perception 
of the fundamental difference between the external and the Spiilgas 
(gas-swept retort) methods of heating low-temperature carbonisation 
retorts. The important difference is that externally-heated 
retorts only carbonise coals with good coking properties, whereas 
the opposite applies to the gas-swept retort which requires a non- 
coking coal. The point seems to have been reached in Germany 
at which really large-scale development of low-temperature car- 
bonisation of non-coking coal is about to begin. 

Proposals for the Efficient Design, Equipment and Operation of 
Gas Producers, especially for Open-Hearth Furnaces when Gasifying 
Rhine-Westphalian Coals. Part I G. Neumann. (Archiv fiir das 
Fisenhiittenwesen, 1942, vol. 16, Dec., pp. 201-214). As the 
German steelworks are making increased use of producer gas for 
open-hearth furnaces to replace coke-oven gas, the author puts 
forward proposals for improvements in the design and operation. 
of gas producers. He makes a plea for the standardisation of 
design and dimensions of producers and their fittings. The need 
for a standard grate is stressed. The details of a proposed producer 
with an inside diameter of 2-6 m. are given with diagrams. Regula- 
tion of the coal feed, eccentric and concentric grates and the ad- 
vantages of a water.cooled casing are discussed in detail. It is 
shown that, inside a producer, the greatest resistance to the dis- 
tribution of the blast is offered by the slag zone, and the magnitude 
of this resistance depends on the free grate area; this factor is 
therefore of the greatest importance when considering measures 


to increase efficiency. 
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Blast-Furnace Practice in the Smelting of Ore Fines and the 
Determination of the Furnace Profile and Production, W. Loorz, 
W. Feldmann and M. Paschke.. (Stahl und Eisen, 1948, vol. 63, 
Jan. 7, pp. 2-11). Sinee the incorporation of Styria in the German 
Reich the production of Styrian iron ore has been greatly increased, 
This is a spathic iron ore containing 30-33% of carbon dioxide, 
The existing sintering and calcining plant could not cope with the 
increased production; some of the German works were thus faced 

with the problem of smelting burdens with a 
fines and the difficulty caused by the evolu ‘ n dic 
In this paper the authors report on & full-scale investigation of 
the smelting of this ore. A special appliance for the continuous 
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sampling of the gases from the stack wall to the centre was fitted, 
and curves of the changes in carbon-dioxide content obtained. 
When smelting calcined ore with a large proportion of fines, its low 
mechanical strength, high reducibility and the alkali content 
caused irregular working and the formation of scaffolds. The 
economic smelting of Styrian calcined ore requires close control 
of the burden composition and: of the quantity and temperature 
of the blast. A peculiar feature of the process is that it increases 
the oxygen content of the blast. The area of the stack cross- 
section is an important factor when smelting this ore; the larger 
it is the better. The ratio of this area to the total tuyére area 
should be 90 to 100. 

The Production of Pig Iron in the Low-Shaft Electric Furnace. 
M. Kauchtschischwili. (Iron and Steel Institute, 1943, Translation 
Series, No. 125). This is an English translation of a paper which 
appeared in Stahl und Kisen, 1941, vol. 61, Nov. 13, pp. 1033- 
1035. (See Journ. I. and S.L., 1942, No. I., p. 218 4). © 

The Grindability of Blast-Furnace Slags. G. Mussgnug. (Zement: 
Stahl und Hisen, 1942, vol. 63, Jan. 28, pp. 74-75). The author 
presents and discusses data on the power requirements for grinding 
light and heavy blast-furnace slags. 

Ferro-Alloys in Australia. W. Hewitt. (Institute of Australian 
Foundrymen: Foundry Trade Journal, 1942, vol. 69, Feb. 11, 
pp. 119-122). The author reviews the availability in Australia of 
the minerals necessary for the production of ferro-silicon, ferro- 
manganese, ferro-chromium, ferro-tungsten and ferro-vanadium. 
He describes briefly how some of these alloys are made in Australia 
and their use in cupola practice. 
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Rationalisation in Iron Foundries. F. L. Meyenberg. (Metal- 
lurgia, 1943, vol. 27, Jan., pp. 91-93). The author explains the 
meaning and purpose of rationalisation as applied to industrial 
undertakings. The instruments of production research are studies 
of various kinds going on in the works, partly as routine work, 
partly as special investigations. They can be summarised under 
the headings : (a) Testing and inspection ; (6) organisation studies ; 
(c) work and time studies ; and (d) costing studies. It is a mistake 
of many consultants that they specialise only in one branch, such 
as speed of working, or clearness of statistics. They develop this 
speciality and its instrument, ¢.g., time studies, or the costing 
system, to a high perfection, but neglect other aspects. The 
result is an inequality of development which may completely eclipse 
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the profit obtained by the partial improvement, or at least does 
not allow for the full success of the measures proposed. 

Cast Iron and the Foundry Industry. J. E. Hurst. (Metal- 
lurgia, 1943, vol. 27, Jan., pp. 85-87). The author reviews some 
recent developments in the production of castings of high-strength 
cast iron and indicates some directions in which progress in this 
field is contributing to the war effort. 

Casting Design for Malleable Iron. J. H. Lansing. (American 
Foundrymen’s Association: Foundry, 1942, vol. 70, Nov., pp. 
76, 157-159). The author makes recommendations for the im- 
provement of the quality of malleable iron castings. These include : 
(1) The purchaser should submit tentative designs to the foundry 
and obtain their suggestions for improvement ; (2) keep the thick- 
ness of walls as uniform as possible, avoiding abrupt changes in 
section; (3) when there are bosses or lugs on the interior, there 
should be heavy sections of metal leading to the feeding source ; 
(4) make provision for attaching gates and feeders to heavy sections ; 
(5) use as large fillets as possible and avoid re-entrant angles; (6) 
when possible, do not use dry sand cores; (7) indicate the machin- 
ing allowance on drawings ; and (8) an assembly of two or more 
small castings is preferable to a single large intricate casting. 

The Sintering of Aluminous Minerals and Silts of Natural Mould- 
ing Sands in the Heating Electron Microscope. M. von Ardenne 
and K. Endell. (Giesserei, 1943, vol. 30, Jan. 8, pp. 6-12). The 
authors describe the method by which a magnetic electron micro- 
scope was fitted with a specimen carrier which could be heated 
by an electric current passing through a platinum wire. Instead 
of using a plate camera, a vacuum-film camera was fitted. With this 
apparatus the progress of sintering of suspensions of foundry sand 
at temperatures up to 1600° CG. was followed by obtaining a series 
of pictures at 4000 diameters. Many of these are reproduced. 
From a study of these it was deduced that : (1) There is no relation- 
ship between the amount of fluxing material present and the tem- 
perature at which sintering begins, nor does the amount of flux 
affect the viscosity of the resulting melt. (2) The individual effect 
of the cations is the determining factor. (3) At the same tempera- 
ture and concentration (in weight per cent) and with the same 
weight per cent of SiO, -+ Al,O3, potash makes viscous melts 
and ferrous oxide thin melts. 

The Sintering of Aluminous Minerals and Silts of Natural Mould- 
ing Sands ‘in the Heating Electron Microscope. Inferences for 
Foundry Practice. KE. Wagner. (Giesserei, 1943, vol. 30, Jan. 8, 
pp. 12-13). The author discusses the applications in the foundry 
of the conclusions reached. regarding the sintering | of moulding 
sands by M. von Ardenne and K. Endell (see preceding abstract). 
The melting point of moulding sand is evidently nothing like so 
important in determining its behaviour 1n contact with molten 
metal as has been thought. The best moulding sand is not that 
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with the highest refractoriness, but rather the one in which, because 
of a certain flux content, a fritting of the grains takes place, with 
the result that, when the casting is cleaned, the sand is knocked 
off in flakes or scales, leaving a smooth surface on the casting. The 
sintering temperature of the sand need not be as high as 1600° C. 
For thin-walled steel castings 1250° C. is sufficiently high ; for grey 
iron and malleable iron it may be still lower, but this has not been 
investigated yet, 

Rammability, Flowability and Density of Foundry Sands. E. O. 
Lissell and E, J. Ash. (Foundry, 1942, vol. 70, Oct., pp. 78-79, 
151-153; Nov., pp. 80-81, 151-154). This is a report on further 
tests of the properties of Ottawa round silica sand, and Ohio sharp 
silica sand made up with various binders (see Journ. I. and S.1., 
1942, No. I., p. 9 4, for a summary of the previous investigation). 
The results of permeability and flowability tests on sands mixed 
with different types of binder are presented and discussed. Con- 
trary to the action of water, linseed oil decreases the intergranular 
friction; the density of the sand therefore increases when oil is 
added to washed sand until a critical oil-film thickness is reached 
at about 0:-5°% by weight of oil. The physical properties of a cereal 
binder vary considerably within a very small range of water content. 
Water added to a sand-cereal mixture will increase the strength 
of the cement surrounding the sand grains very rapidly until 
about 1% has been added, Water added to a dry mixture of sand 
and clay causes a pasty binder to form which covers the grains with 
a layer of clay. The maximum spread of grains will occur at the 
point where the clay has reached its optimum degree of swelling 
and strength; the more clay added to the sand, the more water 
will be necessary to bring out the optimum strength. 

Metal Penetration in the Mold. E. E. Woodliff. (American 
Foundryman, 1942, vol. 4, Nov., pp. 6-7). The author distinguishes 
between two types of penetration of metal into sand moulds, one 
characterised by extreme surface roughness over vertical walls, 
and the other by fins of metal penetrating into cracks in the mould.. 
He points out that the latter type is less likely to occur if the sand 
is a mixture of a fairly wide range of grain sizes than if the range is 
very narrow, although the average grain size is the same in both cases. 

The Effect of Six Grains of Sand. L. J. T. Brom. (American 
Foundryman, 1942, vol. 4, Nov., pp. 19-20). The author describes 
some difficulties which were encountered in blowing some very 
slender sand cores 4§ in, long, } in. in dia, for most of the length, 
3 in, in dia. at one end, with a strengthening wire of No. 16 gauge 
down the centre. A void was frequently found at the neck where 
the larger diameter tapered down to } in. A screen analysis of 
the sand showed that the proportion of the largest grains passing 
through a standard 20-mesh screen was 0-4%; this proportion 
in the 3-in.-dia, section worked out at only six grains. After taking 
steps to screen out these large grains, this trouble was eliminated. 
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The Development of the Centrifugal Casting of Metals during 
the Nineteenth Century. J. E. Hurst. (Iron and Steel, 1942, 
vol. 16, Dee., pp. 78-81; 1948, Jan., pp. 186-189). The author 
reviews the development of the centrifugal casting of metals, The 
earliest record of the application of this process appears to be the 
granting of a British patent in 1809 to A. G. Eckhardt. Many 
of the subsequent patent specifications are surveyed and several of 
the original drawings of casting equipment are reproduced. 
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A Family Business for Over Two Hundred Years. (British 
- Steelmaker, 1943, vol. 9, Feb., pp. 55-58). A brief account is 
given of the history of the development of J. Beardshaw and Son, 
Ltd., Sheffield, which was founded in 1719 by John Beardshaw, a 
cutler. The firm now manufactures sheets, plough plates and 
finished tools including saws, chisels, milling cutters and files. 

German Control of European Industry. (Iron and Coal Trades 
Review, 1943, vol. 146, Jan. 22, pp. 113-116). In this paper 
information is given on the measures taken by Germany in exercising 
economic control of the European countries which they occupy. 
This account is based on Report No. 5 of the Inter-Allied Informa- 
tion Committee entitled ‘“ The Penetration of German Capital 
into Europe.” 

The Conservation of Steelmaking Raw Materials. C. M. Parker. 
(Welding J ournal, 1942, vol. 21, Nov., pp. 747-755). The author 
discusses the steps steelmakers in the United States have taken to 
economise in the use of aluminium, manganese, vanadium, tungsten 
and nickel, and presents data on the hardenability of some of the 
National Emergency steels. 

Raw Materials for Steel Manufacture. H. J. French. (A.S.T.M. 
Bulletin, 1942, Aug., pp. 29-31). This was the author’s contribu- 
tion to discussion on Alternate Alloy Steels and Conservation of 
Strategic Alloys. An outline is given of some of the measures 
taken in the United States to conserve nickel, chromium, tungsten 
and vanadium. 

Conservation of Aluminium and Manganese. C. H. Herty, jun. 
(A.S.T.M. Bulletin, 1942, Aug., pp. 31-32). In this contribution 
to a discussion on Alternate Alloy Steels and Conservation of 
Strategic Alloys the author stated that the consumption of alumin- 
ium in the production of steel in the United States has been reduced 
from 0-698 Ib. to 0:562 Ib. per ton of steel; this has involved an 
increase in consumption of ferro-silicon, silico-manganese, “ alsifer,” 
and titanium. Manganese consumption remains steady at about 


1564 PRODUCTION OF STEEL. 


12-5 lb. per ton of ingots, but some makers have achieved con- 
siderable reductions by changes in deoxidation practice, eg., by 
increasing the amount added to the ladle and decreasing that added 
to the furnace. 

Materials Conservation in the Ordnance Department. J. H. 
Frye. (A.S.T.M. Bulletin, 1942, Aug., pp. 32-33). In this con- 
tribution to a discussion on Alternate Alloy Steels and Conservation 
of Strategic Alloys, the author explained what has been done by 
the Ordnance Department of the United States War Department 
to reduce the amounts of alloying elements used in armaments. 

Conservation of Elements Necessary for Tool Steels. N. I. 
Stotz. (A.S.T.M. Bulletin, 1942, Aug., pp. 34-35). In this con- 
tribution to a discussion on Alternate Alloy Steels and Conservation 
of Strategic Alloys the author explained what has been done in 
the United States to limit the use of tungsten and vanadium in 
tool steels. 

Conservation of Alloys in Stainless Steels. V. W. Whitmer. 
{A.8.T.M. Bulletin, 1942, Aug., pp: 35-36). In contributing to a 
discussion on Alternate Alloy Steels and Conservation of Strategic 
Alloys the author explained that there was little possibility of 
reducing the amounts of chromium and nickel required in stainless 
steel, but greater efforts could be directed to the recovery of these 
elements from scrap. 

Amorphous Graphite in the Open-Hearth. R. J. Zemanek. 
(Steel, 1942, vol. 111, Nov. 16, pp. 99-101; Nov. 23, pp. 86-89). 
The author discusses the. use of Mexican graphite in American 
open-hearth furnaces to make up the reduced amount of carbon 
caused by the reduction in the proportion of pig iron charged. For 
basic practice the optimum grain size is between ? in. and 30 mesh, 
whilst for acid practice between ? in. and 8 mesh is best. The 
high density of the graphite results in much less space being required 
than if coke is used. Spraying ingot moulds with a suspension of 
graphite in water is advocated. 

The Removal and the Taking Up of Nitrogen in Steel Baths in 
the Basic Arc Furnace. W. Altpeter. (Stahl und Eisen, 1942, 
vol. 62, Nov. 26, pp. 997-1001). The author presents and discusses 
the results of an investigation of the changes in the nitrogen content 
of molten steel in basic-lined arc furnaces from melting to tapping. 
The data were obtained from 102 heats in three different furnaces. 
The following conclusions were reached: (1) The initial nitrogen 
content depends on the furnace atmosphere; the fewer leaks in 
the furnace, the higher will be the nitrogen content of the steel 
when the charge is melted. (2) In the decarburising period, the 
less leaks in the furnace, the more rapidly will the nitrogen in the 
steel be taken up by the furnace atmosphere. (3) The final nitrogen 
content does not, as a rule, depend on the furnace atmosphere, 
but a maximum content of 0-001% can only be attained in newly 
rammed furnaces working with an atmosphere very low in nitrogen. 
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(4) The factor exerting by far the greatest effect on the influence 
of the boiling is the rate of decarburisation ; the more rapidly 
this takes place, the lower will be the degree of nitrogen removal. 
(5) The size of the ore and the distribution and size of the carbon 
monoxide bubbles also affect the nitrogen removal; for a given 
rate of decarburisation, the nitrogen removal will be greater the 
finer the ore and the greater the number of small bubbles. (6) The 
greater the nitrogen concentration in the bath, the greater will be 
the proportion removed. (7) There is no clear relationship between 
the temperature of the bath and the nitrogen removal. (8) The 
presence of small amounts (about 2%) of the elements nickel, 
chromium or molybdenum does not hinder the removal of nitrogen. 
(9) After decarburising to the point where the carbon content has 
been lowered by 0-80°%, most of the nitrogen will have been removed. 
(10) Under very favourable conditions the nitrogen content can be 
brought down to 0-001%, the content is usually 0-003-0-005%. 
(11) No generally applicable curve can be constructed for the re- 
lationship between the removal of carbon and of nitrogen, but the 
standard curve developed by Bonthron (see Journ. Tirand 8.0, 
1938, No. I., p. 121 4) can be used as a guide; the greatest absorp- 
tion of nitrogen takes place during the recarburising period, the 
average rate being 0-00138% of nitrogen per hr. (12) The amount 
of nitrogen absorbed when tapping is not influenced by the procedure 
for adding alloying elements. 

Results of Trials with a Graphite Rod Resistor Furnace. A. 
Kropf. (Stahl und Eisen, 1943, vol. 63, Feb. 4, pp. 94-97). The 
graphite rod resistor furnace is a cylindrical tilting furnace heated 
by radiation from one, two or three horizontal graphite rods passing 
through it (see Journ. L. and S.I., 1942, No. H., p. 114).. In this 
paper the author discusses some results obtained in the operation 
of a 2-cwt. furnace of this type. In the first three campaigns 
70, 90 and 196 heats were produced. On relining the second time, 
a slightly moistened corundum aggregate was rammed in with pneu- 
matic instead of hand rammers. As 70% of the heats were of a 
high-chromium steel for thin-walled castings, a lining life of 196 
heats is considered excellent. For the third campaign of 196 
heats the average consumption was 1420 kWh. per ton of steel. 
Tn a total of 551 heats with a total charge weight of 49-59 metric 
tons the electricity consumption amounted to 1880 kWh. per ton 
of steel. Experience has shown that a very clean steel, equal in 

uality to crucible steel, can be produced in this furnace. 

The Melting Together of Bushy Steel Turnings in a Furnace. 
F. Kohler. (Iron and Steel Institute, 1943, Translation Series 
No. 126). This is an English translation of a paper which appeared 
in Stahl und Eisen, 1942, vol. 62, Oct. 29, pp- 921-922. (See p. 
129 A). ; 

yar erestions of the Ternary System Ca0-P,0,-Si0, and its 
Importance in the Production of Basic-Bessemer Slags. G. Trémel. 
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(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung : 
Stahl und Eisen, 1943, vol. 63, Jan. 14, pp. 21-30). The author 
discusses the results of an investigation of equilibria in the lime 
corner of the CaO-P,0O;-SiO, system and by reference to these 
results explains the mechanism of the solidification of basic- Bessemer 
slags, pointing out how the structures obtained influence the pro- 
perties of the slag, especially the rate of solution in citric acid. The 
importance of the oxides of manganese and iron in commercial 
slags is related to the immiscibility phenomena in the CaOQ-P,Q;- 
FeO system and the reasons for the difficulties in producing good 
soluble slags in full-scale plant are discussed. 

Thermal Stresses in Ingot Moulds. T. Land. (Iron and Steel 
Institute, 1943, this Journal, Section I.). Cracking, caused by 
the thermal stresses set up during the casting of ingots, is a frequent 
cause of ingot-mould failure. A more exact knowledge of the 
effect of ingot-mould shape and the properties of the ingot-mould 
iron on the magnitude of the thermal stresses would be of im- 
mediate practical value. With this consideration in mind the thermal 
stresses under certain conditions have been calculated. The paper 
has been divided into two parts. In Section 1 of Part I. the stresses 
in a long circular mould have been calculated on the assumption 
that the physical properties of the ingot-mould iron are independent 
of temperature and of stress. It is shown that under these con- 
ditions the stresses at the outer surface would be roughly equal to 
the ultimate strength of the ingot-mould iron, The stresses in a 
very thin mould exceed those in one of normal thickness by about 
20%. In Section 2 the theory is developed to take account of the 
plastic deformation and varying physical constants of the cast 
iron, and in these circumstances the stresses are shawn to be ap- 
proximately half the ultimate strength of the mould material. 
Section 3 deals with moulds of non-circular section and Section 4 
with end effects. In Section 5 it is pointed out that the surface 
stresses can be calculated from measurement of the temperature 
and expansion of the outer mould surface, and the exact relation- 
ships are set out. Arising out of this investigation suggestions are 
made for future experimental work. Part II. of the paper gives 
the detailed mathematical analysis discussed under Section 1 of 
Part I. 

A Review of the Work of the Ingot Moulds Sub-Committee. 
R. H. Myers. (Iron and Steel Institute, 1948, this Journal, 
Section I.). This review of the work of the Ingot Moulds Sub- 
Committee includes, in addition to reports already published, 
some unpublished work as well as work in progress or contemplated. 
This Sub-Committee is a joint sub-committee of the Open-Hearth — 
Committee of The Iron and Steel Industrial Research Council and 
the Committee on the Heterogeneity of Steel Ingots. The results 
of the various researches taken as a whole indicate a number of 
ways by which the performance of ingot moulds may be improved, 
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These. include reduced casting-to-stripping time, adequate cooling 
facilities, correct wall thickness, correct composition of mould 
material, improved founding technique in manufacture, and im- 
proved casting-pit practice as a whole. Designers of steel plant 
have in the past paid insufficient attention to providing adequate 
accommodation and equipment whereby moulds might receive 
the treatment consistent with the important position they occupy 
on the cost sheet. Fundamental research should proceed con- 
currently with work on the more practical side, if for no other 
reason than to obtain accurate data for designing moulds which 
will not crack, as against the empirical methods at present used. 
Some results of such fundamental work are given in Section II. of 
this review. It seems that, despite war conditions, every effort 
should be made to ensure that each works should keep full and 
accurate records of mould history, not only for control within the 
works but also for collective research purposes. 

The ‘Degree of Rigidity ’’ of Costs. K. Rummel. (Archiv 
fiir das Eisenhiittenwesen, 1942, vol. 16, Dec., pp. 227-232). The 
author develops curves for iron and steel works costing systems, 
the purpose of which is to show how certain cost items change 
with changes in the “ activity” factor; this factor is that per- 
centage of the possible production capacity at which the plant is 
working. He explains how to determine a “ cost rigidity factor ” 
for a particular department which shows the degree of sensitivity 
of the costs to changes in the activity factor. The paper is followed 
by three appendices, abstracts of which are given below. 

Effect of the Degree of Activity of an Iron and Steel Works on 
the Heat Consumption, W. Heiligenstaedt. (Archiv fir das 
Eisenhiittenwesen, 1942, vol. 16, Dec., pp. 232-233). This paper 
forms an appendix to that of Rummel (see preceding abstract). 
The author gives examples of the calculation of the “ cost rigidity 
factor” for the total power consumption at blast-furnaces and at 
open-hearth furnaces, using the activity-factor curves given in a 
paper by B. von Sothen (see Journ. I. and §.1., 1932, No. L., p. 471). 
_ “The Determination and a List of Cost Rigidity Factors for Steel- 

works. A. M. Wolter. (Archiv fir das Eisenhiittenwesen, 1942, 
vol. 16, Dec., pp. 233-235). This paper is a second appendix to 
that of Rummel (see preceding abstracts). The author shows how 
to determine cost rigidity factors for the different items contributing 
to the total costs of an open-hearth plant. - 

Determination of the Degree of Rigidity of the Costs of Operating 
Rolling-Mill Trains. W.Grenz. (Archiv fiir das Hisenhiittenwesen, 
1942, vol. 16, Dec., pp. 235-236). This paper constitutes the third 
appendix to that of Rummel (see preceding abstracts). The author 
discusses how changes in the activity factor affect the degree of 

rigidity of the costs of operating a section mill and a tube mill. 
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FORGING, STAMPING AND DRAWING 


(Continued from pp. 130 4—131 4) 


Forging 37-mm. High Explosive Shells. C. C. Barrenbrugge. 
(Iron Age, 1942, vol. 150, Nov. 12, pp. 54-56). The author describes 
a machine-forging process for the rapid production of hollow shell 
forgings 37-mm. in dia., the cavity being over 4 in. long and less 
than 1 in. in dia. The process was developed by the Portland 
Forge and Foundry Co., Indiana. The bars of raw material are 
cut into lengths for making two shells which are upset from opposite 
ends. These are heated to 2000° F., and the shell forging is made in 
five passes ; the dies and tool-holder are made in one piece and the 
mandrels are fitted so that they can be changed in a few minutes. 

The Working of National Emergency Steels. (Machinist, 1943, 
vol. 86, Jan. 23, pp. 1095-1106). Lists of the National Emergency 
steels are presented together with data on their forging, heat 
treatment, machining and application. 

Use of the Slide-Rule for Forge Calculations. R. Benson. 
(Machinery, 1943, vol. 62, Jan. 21, pp. 63-66). The author explains 
the use of the slide-rule for calculating the weights of bars of round, 
‘rectangular, octagonal and oval section, as well as of round and 
square tapering lengths and the weights of tubes. 

The Production of Sintered Carbides and their Application in 
Wire-Drawing Plants. J. Hinniiber. (Stahl und Eisen, 1942, 
vol. 62, Dec. 24-31, pp. 1083-1090). The author discusses the 
effects of the composition and the process of manufacture on the 
properties of sintered carbide dies. To prevent the cracking of 
dies when they are subjected to severe stresses it is necessary that 
the die holders be of very strong steel. For larger wire-drawing 
and deep-drawing dies the proportion of cobalt should be increased. 
For wet-drawing, dies sintered under pressure are superior to those 
sintered without the application of pressure; for dry-drawing the 
opposite applies. Under certain conditions the addition of a second 
oe to alloys of tungsten-carbide and cobalt increases the life 
of dies. 


ROLLING-MILL PRACTICE 


(Continued from p. 131 A) 


Electrical Drives for a 110” Reversing Plate Mill. C. J. Porter, 
C. A. Price and A. F. Kenyon. (Iron and Steel Engineer, 1942, 
vol. 19, Nov., pp. 73-82). The authors describe a 110-in. plate 
mill which was installed in 1941 at the Hamilton Works of the Steel 
Company of Canada, Ltd., with particular reference to the electrical 
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equipment. The main mill stand is a four-high one with working 
rolls 38 in. in dia. and 110 in. long and backing rolls 52 in. in dia. 
The 5000-h.p. wound-rotor induction motor driving the reversing 
mill flywheel motor-generator set is wound for 13,200 V., and takes 
current directly from the 13,200-V. bus bar. 

Is Maintenance and Design a Partnership? W. J. Fleming. 
(Iron and Steel Engineer, 1942, vol. 19, Nov., pp. 58-62). The 
author discusses methods of controlling the electrical equipment of 
steelworks, giving examples which illustrate how the designer and 
the maintenance man have co-operated to produce many im- 
provements. 

Low Voltage Distribution Systems in Steel Mills. L. L. Fountain. 
(Iron and Steel Engineer, 1942, vol. 19, Nov., pp. 50-55). The 
author discusses wiring diagrams for the distribution of low-voltage 
current in rolling mills giving some examples of actual installations. 

Trends in the Design of D.C. Control. H.L. Wilcox. (Iron and 
Steel Engineer, 1942, vol. 19, Nov., pp. 38-42). The author de- 
scribes and discusses some improvements in the design of control 
equipment for direct-current motors in rolling-mill equipment. 

Modern Construction of A-C Motor Control. F. A. Wright. 
(Iron and Steel Engineer, 1942, vol. 19, Nov., pp. 44-48). The 
author describes a new type of control panel for alternating-current 
motors which has been recently designed and produced in the 
United States. They are made up of three basic elements, Viz. : 
the individual controllers, the supporting enclosures for the panels 
which are called door frames, and the self-standing cubicles for the 
door frames which are called sections. 

Roll Grinding. T. Smith. (Machine Shop Magazine, 1943, 
vol. 4, Feb., pp. 45-50). The author discusses the design of roll- 
grinding machines, the selection and care of grinding wheels, cooling 
agents, and wheel and traversing speeds. 

Bearing Metals in Steel Mill Practice. H. A. White. (Metal 
Industry, 1943, vol. 62, Jan. 29, pp. 71-74). The author presents 
and discusses data on the properties of bearing metals to the 8.A.E. 
and A.S.T.M. specifications which include bronzes and babbitt 
metal. Reference is made to the improved life of plate-mill bear- 
ings made of a high-grade nickel-bronze having several babbitt- 
filled pockets in the bearing surface. 

Substitute Materials in Steelworks Machinery. E. Rohde. 
(Stahl und Eisen, 1943, vol. 63, Feb. 4; pp. 85-94). The author 
gives examples of methods employed at German steelworks to 
reduce the consumption of metals which are difficult to obtain. 
These examples include: (a) Increasing the bearing surface area 
of bronze bearings for rolls for the hot-rolling of sheets and, each 
time rolls are changed, checking the contour to see that wear has 
not reduced the bevel for leading in the oil to such an extent that 
the edge of the bearing acts as a scraper and removes the oil from 


the revolving neck. A considerable saving in bronze per ton of 
1943—i M 
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sheets rolled has been achieved in this manner. (b) The surface- 
hardening of journals for the wheels of travelling cranes. (c) The 
use of blast-furnace tuyeres made of aluminium and Silumin, 
ot of copper with steel backs in place of all-copper tuyeres. (d) 
Substituting composite steel-copper for solid copper in certain 
types of switch gear. (e) The use of steel live rails and cast-iron 
collector shoes for electric overhead cranes. 

The Influence of Water on the Lubricating Value of Mill Bearing 
Oil. R. P. Dunmire. (Iron and Steel Engineer, 1942, vol. 19, 
Nov., pp. 30-36). The author describes an investigation of the 
effect of different quantities of water in lubricating oil for rolling- 
mill bearings. Details are given of a “lubarometer ” which is a 
machine for determining the tangential drag of lubricating oils 
at different temperatures, speeds and loads. Curves were obtained 
with this machine showing the watts consumed per square inch of 
bearing area at various pressures while holding the temperature 
and speed constant and changing the constitution of the oil. These 
indicated quite clearly that the presence of water has a marked 
effect in lowering the temperature at which an oil film will rupture. 
A careful study was also made of the power input of a four-high 
hot strip mill stand, using oil with a moisture content of 0:7% and 
with a re-refined and dehydrated oil with physical characteristics 
equal to those of new oil; this study indicated that there was a 
saving of 768% in the power supplied to the stand. Such a saving 
over one year would be many times the cost of an oil-dehydrating 
plant and its maintenance. A suitable dehydrating plant is 
described. 

Sendzimir Mill Rolls Strip to Close Tolerance. T. Sendzimir. 
(Steel, 1942, vol. 111, Nov. 30, pp. 64-68, 74). The author gives 
details of the design and performance of the Sendzimir mill stand 
for cold-rolling strip. The work rolls are small in diameter and 
there are two clusters of backing rolls so that heavy reductions 
can be made in one pass. (See p. 14 4). 


HEAT TREATMENT 


(Continued from pp. 132 a—133 a) 


Valve Spring Manufacture. (Machinery, 1943, vok 62, Jan. 28, 
pp. 85-89). A description is given of the methods employed at 
the works of the Ford Motor Co., in the manufacture of valve 
springs for aero engines, with some details of the heat treatment 
and magnetic testing for cracks. 

The Technical Development of Lead Patenting and of Batch and 
Continuous Patenting Furnaces. J. Rath. (Stahl und Hisen, 
1942, vol. 62, Nov. 19, pp. 977-981). The author traces the history 
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of the development of furnaces for patenting wire from about 
1850, when charcoal-fired furnaces were used, to the present time 


when gas-fired continuous furnaces are in operation with lead 
baths built at the exit end into which the wire passes direct without 
exposure to the outside air. Diagrams and illustrations of plant 
in various stages of development are included. 

“66° Moly Steels Replaced by “4-6.’’ (Machine Shop 
Magazine, 1943, vol. 4, Jan., pp. 37-39). By a direction of the 
Ministry of Supply, Iron and Steel Control, the manufacture of 
“6-6” molybdenum high-speed steel is to cease and this steel is 
to be replaced by one containing molybdenum 3-9-4-4%, tungsten 
5-0-6-0%, chromium 4-0-5-0% and vanadium 1-40-1:60%. In this 
article recommendations are made on the forging, heat treatment 
and grinding of the “ 4-6 ” steel. 

Factors Affecting the Carbon of Casehardened Products. _D. 
McPherson. (Machine Shop Magazine, 1943, vol. 4, Jan., pp. 74- 
81). The author reviews factors governing the selection of suitable 
earburising media and the method of treatment for case-harden- 
ing and explains how the amount of carbon affects the pro- 
As the carbon content of the case increases, 
the tendency towards austenite retention becomes more marked ; 


this is particularly true of the higher alloy types of case-hardening 
steels when they are quenched directly from carburising. There 


is no general agreement on the question of austenite retention in 


finished case-hardened products. It appears fairly certain that a 
small amount of retained austenite, the percentage being governed 
by a case hardness of not less than Rockwell C 58 to C 60 after 
quenching, rather than being detrimental, may be beneficial in 
that the structure is more stable and therefore more resistant to 
changes of surface temperature brought about by frictional heat. . 
A martensitic structure is to be preferred under operative conditions 
which demand high load-carrying capacity with high abrasive 
resistance, and, the finer the martensitic structure the more suitable 
it appears to be from the point of view of resistance to wear and 
pitting. It is suggested that the most important single feature 
of any part, regardless of its carbon content, if it is designed to 
resist. wear, is that it must possess microstructural uniformity of 
hardness in conjunction with a surface finish free from machine 
or grinding cuts. Average surface hardness figures should not be 
regarded as & criterion of wear resistance. In recent years there has 
been a tendency to employ direct oil-hardening steels giving a 
considerably lower hardness but superior microstructural uni- 
formity. 4 

Carburizing Compounds Reconditioned Automatically. S. H. 
Brams. (Iron Age, 1942, vol. 15, Nov. 26, pp: 67-69). The 
author givés a brief description of the Newcomb-Detroit plant for 
reconditioning used carburising compounds. The plant consists 
of an arrangement of conveyors, cooler and ash remover, and a 
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mixer for mixing with a proportion of new compound. The dust 
conditions are controlled throughout the process so that the atmo- 
sphere at the plant is kept clean to the benefit of both men and 
machinery. ; 

New Uses of Induction Heating. R. Legrand. (Machinist, 
1943, vol. 86, Jan. 16, pp. 1079-1081; Jan. 30, pp. 1158-1161). 
The author explains the principles applied in electric induction 
heating, discusses inductor block design and presents data on the 
effect of current frequency on the depth of the heated zone for copper, 
cast iron, graphite, rail steel and stainless steel. In the second 
part of the article some applications of induction heating in munition 
work are described. 

The Application of a Soaking Furnace Utilising the Heat of Rolling 
when Hardening and Heat-Treating Steel. A. Schneider. (Stahl 
und Eisen, 1942, vol. 62, Nov. 26, pp. 1002-1005). The author 
describes a furnace installed at the rolling mills of Kénigs- und 
Bismarckhiitte A.-G. with the object of improving the heat treat- 
ment of the high-quality steel bars rolled at this mill which consists 
of one light and one medium mill train. The furnace is placed 
just behind the hot shears of the light train in such a way that it 
can take the product of either train. The quenching tank is im- 
mediately behind it. The inside dimensions of the furnace are 
5x 1x 06m. It is fired with producer gas supplied to four 
burners on each side. The steel is always in a reducing atmosphere 
and very little scale is formed. The furnace is kept at a tem- 
perature in the 780—830° C. range, the actual figure depending on 
the steel to be treated. The temperature of the quenching bath 
can be controlled by a steam line and the liquid is agitated by 
compressed air. The installation of this furnace has proved very 
satisfactory in that complete recrystallisation of the bars takes 
place, rolling stresses are relieved and a uniform temperature at 
the surface, core and ends of the bars is attained. Tables are 
presented showing the gas consumption, furnace temperature, 
throughput, bar dimensions and mechanical properties of high 
carbon, steel and of chromium-vanadium steel bars treated in this 
furnace. There has been a marked improvement in the uniformity 
of the properties of the bars. 


WELDING AND CUTTING 


(Continued from pp, 133 a—135 a) 


Welding from an Engineering, Metallurgical and Economic 
Standpoint. D. Clark. (Australian Institute of Metals: Austra- 
lasian Engineer, 1942, vol. 42, Nov. 7, pp. 163-170). The author 
discusses the following aspects of welding mainly from a metal- 
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lurgical standpoint: (1) Thermit fusion welding; (2) electric 
resistance welding; (3) gas welding; (4) arc welding; (5) the 
metallurgy of welding; (6) failures of welded structures ; (7) relief 
of weld stress; (8) the economies of welding; and (9) the future of 
welding. 

Investigation of Welding Problems through Metallurgy. L. L. 
Wyman. (Iron Age, 1942, vol. 150, Oct. 29, pp. 37-39). The 
‘author cites some examples of the discovery of the fundamental 
cause of faulty welds by the study of micrographs of sections 
through the welds. 

Heliare Welding of Stainless Steel. T. E. Piper. (Welding 
Journal, 1942, vol. 21, Oct., pp. 490-5, 523-8). The author gives 
a brief description of a method of welding stainless steel developed 
by Northrop Aircraft Incorporated. In this method a special 
torch is used containing a carbon electrode around which flows 
helium gas in a steady stream during welding. The specific heat 
of helium is over five times that of air, and, when, in motion, the 
gas prevents the accumulation of heat round the weld, thereby 
keeping it cooler and giving better penetration with less distortion. 
With this process (called “ Heliarc welding ”’) stainless steel less 
than 0-010 in. thick can easily be welded. 

High Speed Tube Welding. G. V. Slottman. (Iron Age, 1942, 
vol. 150, Nov. 26, pp. 59-66). The author describes and illustrates 
a tube mill at the works of the Borg-Warner Corporation. In this 
mill, flat steel strip is formed into tube by passing it through ten 
pairs of rolls; the tube then travels, supported by six pairs of water- 
cooled rolls, under an oxy-acetylene welding head. ‘This head has 
81 flame orifices arranged so that two rows of flames preheat the 
surface along two lines parallel with the seam; this is followed by a 
single row impinging directly on the joint. The welding head is 
designed so that the proportion of oxygen in the flame at each of 
the preheating orifices gradually decreases to give an almost neutral 
flame at the point where welding commences. Tubing can be pro- 
duced in this mill at rates up to 200 ft. per min. 

Weld Quench Gradient Tests. W. H. Bruckner. (Welding 
Journal, 1942, vol. 21, Oct., pp. 496-S-500-S). The author describes 
a form of weldability test in which the effects of a wide variety of 
cooling rates are reproduced in a single specimen. In this test a 
specimen of plate is prepared in the shape of a right-angled triangle 
with the corners forming the acute angles cut off. A convenient 
size is one with the two shortest sides 6 in. and 3 in. long. The 
specimen is then clamped to a leg in a water tank with the 3-in. 
side and part of the hypotenuse submerged so that the 6-in. side 
projects above the surface at an angle of 30°; a bead of weld metal 
is deposited along this edge commencing at the water level. Water 
at constant temperature is circulated through the tank. After 
welding, a strip along the heat-affected zone 1s polished and a hard- 
ness survey made at intervals of } in. In this way hardness values 
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are obtained representing a wide range of cooling rates from drastic 
water-quenching to slow cooling in air. The results are given for 
a specimen of 3:5%-nickel steel 4 in. thick. This test is referred to 
as the ‘“‘ weld quench gradient test.” At present there are no data 
available on the actual heating and cooling rates under these con- 
ditions, but when this requirement has been met the usefulness of 
the test will be greatly increased. ; 

Worn High Speed Steel Tools Tipped with Carbide. J.S. Gillespie. 
(Iron Age, 1942, vol. 150, Nov. 26, pp. 70-71). The author describes 
how tungsten-carbide tips can be brazed to worn high-speed steel 
tools. In many cases it is not necessary to grind a recess for the 
tip as it can be brazed to a flat surface. For the brazing operation 
the tool should be heated quickly and no more than necessary, and 
plenty of flux should be used to keep the chromium from oxidising. 

Reclaiming High-Speed Steel Tools. T. Sutton. (Steel, 1942, 
vol. 111, Nov. 30, pp. 88-90). The author describes a process of 
reconditioning worn or chipped high-speed steel tools. The process 
is known as “ Suttonizing ” and it consists of depositing a layer of 
metal on the worn part with a proprietary welding rod and then 
grinding to shape. Preheating is required, but no subsequent heat 
treatment; the finished surface has the cutting qualities of high- 
speed steel. 

The Spot Welding of 0-040 in. §.A.E. X-4130 Steel. W. F. Hess 
and D. C. Herrschaft. (Welding Journal, 1942, vol. 21, Oct., 
pp. 441-S-447-S). The authors describe an investigation for the 
purpose of discovering a suitable spot-welding technique to produce 
satisfactory welds in thin sheet (0-040 in.) of steel S.A.E. X-4130 
which contains carbon 0-30%, chromium about 1% and molybdenum 
about 0-20%. The rapid cooling of this thin sheet when the current 
is shut off causes a hard and brittle weld. It was found that by - 
applying a current after the weld, so as to give it a tempering treat- 
ment, a very marked improvement in the mechanical properties 
was obtained. The time interval between the welding and tempering 
currents has a critical minimum but no critical maximum value. 
A tempering current of only 6 cycles’ duration is sufficient to obtain 
the maximum beneficial effect. Curves showing the changes in 
hardness and shear strength of spot welds under different conditions 
are presented. 

Weldability of Carbon-Manganese Steels. (Welding Journal, 
1942, vol. 21, Oct., pp. 448-S-450-S). This paper constitutes the 
Report by Subcommittee II., Industrial Research Division of the 
Welding Research Committee of the Engineering Foundation, on 
an investigation of the weldability of steels containing carbon 
0-20% min. and manganese 0:-5% min. It was found that the sum 
of the carbon and one-sixth of the manganese contents was a useful 
index to the weldability of steels containing carbon 0:20-0:30% 
and manganese 0-50-1-0%. In general it is considered that steels 
with more than 0-25% of carbon and 1% of manganese are not 
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Z weldable without excessive hardness unless some form of pre- or 
post-treatment is applied. The factor “carbon plus one-sixth 
“manganese ”’ can also bé applied to cast manganese steels. 


Weldability of Carbon-Manganese Steels : Weld-Bead Hardness 
and Weld-Bead Bend Tests. O. E. Harder and C. B. Voldrich. 


(Welding Journal, 1942, vol. 21, Oct., pp. 450-S-466-S). This 


paper constitutes a Report of work carried out by the Battelle 


_ Memorial Institute, at the request of Subcommittee II. of the 
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Welding Research Committee (see preceding abstract), on the 
weldability of carbon-manganese steels. Hardness and bend 
tests were carried out on ten commercial steels, three experimental 
steels and three cast steels containing 0-20-0-35% of carbon and 
up to 1-70% of manganese ; plate thicknesses of 4, 3, 1 and 2 in. 


were used. Full details of the testing procedure are given together 


with tables of the results obtained. The general conclusions from 
the data are presented in the preceding abstract. 

Weldability Tests of Carbon-Manganese Steels. C. E. Jackson, 
M. A. Pugacz and G. G. Luther. (Welding Journal, 1942, vol. 21, 


 Oct., pp. 477-S-484-S). The authors report on an investigation 


of the effect of the carbon and manganese contents on the mechanical 
properties and weldability of steel. Twenty-nine commercial steels 


"were tested, the carbon and manganese contents of which varied 


from 0-05% to 0°50% and from 0-40% to 1-67 of, respectively. or 


- determining weldability, emphasis was placed on the V-notched 


slow-bend test; for comparison some T-bend tests were made 


_ (these tests are referred to in an earlier paper by Jackson and Luther, 


see Journ. I. and S.1., 1941, No. Lc Ds Pea melee conclusions 


- reached were: (1) There is a definite correlation between the 
_ results of the above two tests; (2) normalised steel should be used 


for studying the effect of composition on weldability ; (3) in deter- 
mining the effect of welding on a steel for a particular structure, 
the tests should be carried out with the steel in the condition in 
which it is to be fabricated; (4) the maximum hardness obtained 
in the heat-affected zone is the same whether the steel is welded in 
the normalised or the as-rolled condition ; and. (5) the determination 
of the Ar, transformation temperature at cooling rates equivalent 

to those obtained in the welding cycle seems desirable. 
Report of Tee-Bend Tests on Carbon-Manganese Steels. L. C. 
Bibber and J. Heuschkel. (Welding J ournal, 1942, vol. 21, Oct., 
_ 485-S-490-S). The authors report on an investigation of the 
weldability of carbon-manganese steels undertaken by the Carnegie- 
Illinois Steel Corporation. A brief description of the T-bend test 
is given with diagrams showing how the specimens were prepared. 
The steels tested were divided into four groups containing carbon 
and manganese 0:21-0:23% and 0-39-0:44%, 0:27-0:29% and 
0:54-0:75%, 0-35% and 0-90%, and 0-32% and 1-49%, respectively. 
Any one of the three values—namely, total angle at maximum 
ment of failure and type of fracture— 
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can be used as a criterion of weldability in this test; the second 
value is perhaps the most indicative. Despite the poor results 
obtained from low-carbon killed steel, the differences in steel- 
making practice, 7.e., rimming, semi-killing and killing, seem to 
have little effect on the weldability, particularly if other hardening 
elements are reduced to compensate for the presence of silicon. 
When the testing is done at 80° F. the temperature of the specimen 
when commencing the weld has little effect on the total angle of 
bend at first fracture » when the testing is done at — 20° F., how- 
ever, the temperature when welding is started has a marked effect 
on this angle, for its value is much greater if the specimen is pre- 
heated. 

Changes in the Interpretation of the Weldability of St 52. E. 
Helin. (Teknisk Tidskrift, 1941, vol. 71, Dec. 27, pp. 185-191). 
(In Swedish). The author reviews investigations of the weldability 
of steel St 52, in particular the design and properties of welded 
plate girders of this steel. Severe restrictions were at first placed 
on the welding of steel St 52, but with improvements in the control 
of grain size, in welding rod composition and technique, and in 
the positioning of the welds, the steel is now accepted for the con- 
struction of many types of welded structures. 
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(Continued from pp. 90 A—91 a) 


Submerged Combustion Takes its Place in the War Industries. 
W. G. See. (Wire and Wire Produets, 1942, vol. 17, Oct., pp. 544— 
550, 619). The author discusses three years’ experience in the use 
of the “ submerged combustion ” method of heating and agitating 
pickling tanks. In this method gas-burners are submerged in the 
pickling solution ; to light them they are purged with compressed 
air and a hot-wire igniter first lights a pilot flame, which in turn 
ignites the main gas flow. The products of combustion are exhausted 
directly into the solution, which causes strong agitation. Five 
cases are cited with data on the life of burners and cost of replace- 
ments. 

Flame-Priming Method of Preparing Steel Surfaces for Painting. 
EK. W. Deck. (Iron Age, 1942, vol. 150, Oct. 22, pp. 80-82; 
Oct. 29, pp. 44-48). The author describes the flame-priming or 
flame-descaling process for preparing steel for painting. The burner 
heads used may be from 1 in. to 12 in. in width; a 6-in. head is a 
common size, and this contains 49 flame-holes 0-02 in. in dia., 4 in. 
apart. The effect of the heat on rust is first to dry out the physically 
adsorbed moisture and break down the rust, leaving an anhydrous 
oxide; simultaneously the reducing gases in the flames reduce the 
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oxide to ferroso-ferric oxide or black magnetite. The formation 
of this black powder indicates that all moisture has been driven off. 
The results of corrosion tests on steel panels which had been flame- 
descaled before coating with different paints are given and demon- 
strate the superior properties of steel when given this treatment. 
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Hard Chromium Plating. A. Fletcher. (Metal Finishing, 1942, 
vol. 40, July, pp. 355-358). The author describes many applications 
of the hard chromium plating process, including such as dies, the 
contact surfaces of gauges, the building up of worn parts and parts 
which have been machined undersize, rams for pressing plastics and 
moulds for the glass industry. 

Steel Chromizing. C. M. Cosman. (Iron Age, 1942, vol. 150, 
Nov. 26, pp. 49-53). The author reviews the literature on the 
development of the process of ‘“ chromising ”’ steel, in which a 
stream of chromium-chloride gas is passed over the steel in a retort 
or muffie, thus causing chromium to be diffused into the steel surface. 
The process has been described in a paper by G. Becker, K. Daeves 
and F. Steinberg (see Journ. I. and 8.1, 1941, No. IL., p. 88 a). 
The consumption of chromium amounts to 0-45-0-48 oz. per sq. 
ft. for the normal case thickness of 0-0004 in., and there is practically 
no chromium loss. 

The Formation and Evaluation of Zine Coatings. I. General 
and Theoretical. II. The Hot-Dipping Process. III. Modifica- 
tions of the Hot-Dipping Process. IV. Electro-Galvanising. V. 
Sherardising and Spraying. VI. Corrosion. VII. Corrosion. VIII. 
Methods of Testing. (Sheet Metal: Industries, 1942, vol. 16, 
July, pp. 953-958, 968; Aug., pp. 1127-1131, 1143; Sept., 
pp. 1301-1307; Oct., pp. 1481-1487; Nov., pp. 1666-1671, 1674 ; 
Dec., pp. 1850-1856; 1943, vol. 17, Jan., pp. 69-74; Feb., pp. 
243-248, 252). In Part I. of this series of articles some statistics 
on zine production and on the quantities of steel which are 
zinc-coated annually by hot-dipping, electro-deposition, Sherard- 
ising and spraying are presented. The zinc-rich end of the 
iron-zine equilibrium diagram is discussed and applied to a study 
of the formation of hot-dip coatings. The cementation, electro- 
deposition and spraying processes are briefly described. In Part I. 
particulars of recent developments in the hot-dip galvanising pro- 
cess are given. Reference is made to the function of glycerine in 
the flux layer on top of the molten zinc, which is to increase the 
surface of.contact between the material to be dipped and the fiux, 
thus making the removal of any moisture more certain. The modi- 
fications of the galvanising process which are briefly described in 
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Part III. include: (1) ‘‘ Dry” galvanising in which about 0:15% 
of aluminium is added to the bath to ensure that the zinc-iron 
alloy layer is as thin as possible ; (2) “ galvannealing ” in which the 
coated articles are given a heat treatment at about 650° C.; (3) 
the “ flame-seal ” process in which the coating is subjected to the 
action of a controlled flame; (4) the lead-zine process the object 
of which is to prevent the bath being contaminated with iron com- 
pounds; and (5) continuous galvanising. The effect of additions 
of aluminium, tin, lead, cadmium and antimony to the zine bath 
are also dealt with in this part. Electro-galvanising is dealt with 
in Part IV. Acid, alkaline, chloride and bright zinc plating solu- 
tions, and the operating conditions for each are discussed in turn. 
For the anodes, pure zinc, either rolled or cast, is the most suitable 
material; no sludge is formed if such anodes are used, whereas 
anodes containing copper, iron, arsenic, tin or lead give rise to 
sline in the acid bath, and are equally undesirable in the alkaline 
bath where they go into solution. The compositions of some solu- 
tions for zinc-cadmium alloy plating are given. In Part V. the 
Sherardising and metal-spraying processes of forming zinc coatings 
are described. In Sherardising, the parts to be coated are cleaned 
and put in a cylindrical container together with a quantity of very 
fine zinc dust (about 1 cwt. of dust for 5 cwt. of parts); the cylinder 
is heated to about 375° C. and rotated for 24 hr., so as to tumble 
the parts in the dust. The coating is dull grey when first produced, 
but on exposure it becomes darker ; it may contain 8-10% of iron, 
but the lower the iron content the better will be the corrosion re- 
sistance. There are three processes of spraying zine in which the 
metal is in wire, molten or powder form respectively. The density 
of a sprayed coating is about 10% less than that of the metal in 
the rolled or wrought state. In Parts VI. and VII. some of the 
literature on general corrosion and on the corrosion of zine coatings 
is reviewed. ‘The present trend of opinion is that coatings made by 
different processes have very similar properties from the point of 
view of corrosion, particularly when a comparison is made by 
long-time exposure tests. In the next part (Part VIII.) a number 
of accelerated corrosion tests and methods for determining the thick- 
ness of zinc coatings are described; among the former are the 
A.S.T.M. procedure for salt-spray tests and Wernlund’s test by 
immersion at 95° C. in a solution containing 140 c.c. of hydrogen 
peroxide and 20 g. of acetic acid per litre; among the latter are 
Britton’s test, Cushman’s method and the chord method. 

Hot-Dip Galvanising Technique. G. Robinson. (Wire Industry, 
1942, vol. 9, June, pp. 237-243; Aug., pp. 321-325; Sept., pp. 
373-375 ; Oct., pp. 413-417; Nov., pp. 459-461; Dec., pp. 503- 
505). In the first part of this series of articles the author explains 
the theory underlying the hot-dip galvanising of wire and enumerates 
various developments, in particular some of American origin. 
Plant for the continuous and batch annealing of wire is described 
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in the next part. In the third part a bath for degreasing wire 
drawn with hard soap is described. In the fourth part on pickling 
it is stressed that acid-pickling is a chemical cleaning process, and 
that it cannot serve the dual purpose of cleaning and fluxing ; 
methods of controlling the acid strength are discussed. Fluxing 
is dealt with in the next part, and the composition and properties 
of some zine ammonium chloride solutions are given. In the sixth 
part the crystal structures of iron and zinc and the mechanism of 
the alloying action of the two metals are discussed at length, and 
this is applied in the design of the mechanical devices by which the 
wire enters and leaves the zinc bath. : 

Temperature Control of Galvanising Kettles. H. Halstead. 
(Iron and Steel Engineer, 1942, vol. 19, Nov., pp. 64-69). The 
author discusses the factors on which the maintenance of a uniform 
temperature of the zinc in a galvanising kettle depends, and the 
desirable features of the fuel-control equipment. It is recom- 
mended that the volume of the kettle should be 50 cu. ft. for each 
ton (2000 lb.) of steel galvanised per hr., and that there should be 
1 sq. ft. of exposed kettle heating surface for each 12,000 B.Th.U. 
per hr: of heat input ; only the upper two-thirds of the kettle walls 
should be considered as available heating surface. 

Zine Plating. W. Eckardt. (Sheet Metal Industries, 1943, 
vol. 17, Jan., pp. 109-110, 114), An abridged English translation 
of a paper on electro-galvanising which appeared in Korrosion 
und Metallschutz, 1941, vol. 17, Dec., pp. 401-403, in which the 
results of tests on bright zinc coatings produced with different baths 
are given (see p. 26 A). 

The Influence of Various Factors on the Tin Coating on Tinplate. 
J. Teindl. (Iron and Steel Institute, 1943, Translation Series, 
No. 130). This is an English translation of a paper which was 
published in Korrosion und Metallschutz, 1941, vol. 17, Nov., 
pp. 390-396. (See p. 27 A). 

Alloy Steel Cladding and Pressure Vessels. H. S. Blumberg. 
(Iron and Steel Engineer, 1942, vol. 19, Oct., pp. 70-74). The 
author discusses the production and properties of composite metals 
made by cladding carbon and carbon-molybdenum steels with 
corrosion-resistant metals and alloys. The metals and alloys used 
for the coating fall into three groups, viz., low-carbon steels with 
11-27% of chromium, high-chromium nickel steels with or without 
columbium or molybdenum, and non-ferrous metais. The finished 
product may be integral or partially bonded. The integral type 
can be made by integral casting, a heat-pressure method, fusion 
inter-melting or continuous resistance welding. A partially bonded 
joint can be obtained by plug welding, spaced resistance welding 
or strip welding. Partially bonded material can only be used when 
the clad plate does not require hot mechanical working. — ; 

Electrodeposition of Iron-Tungsten Alloys from an Acid Plating 
Bath. M. L. Holt and R. BE. Black. (Electrochemical Society, 


172 A COATING OF METALS. 


1942, Preprint No. 82-27). The authors report on a study of the 
electrodeposition of iron-tungsten alloys from a plating bath pre- 
pared by the addition of small amounts of sodium tungstate to the 
ferrous-ammonium-sulphate bath...The tungsten content of the 
alloy was found to increase somewhat with : (a) Increase in tungsten 
content of the bath; (6) decrease in the cathode current density ; 
(c) increase in bath temperature; and (d) decrease in pH value of 
the bath. An increase in the tungsten concentration in the bath 
was found to decrease the current efficiency of the deposition. 

Corrosion Prevention. C. E. Lambert. (Australian Institute 
of Metals: Australasian Engineer, 1942, vol. 42, Sept. 7, pp. 9-10). 
The author describes the procedure for cadmium-plating steel 
aircraft parts which, in the completed assembly, will be in contact 
with other metals ; as well as the chromate treatment of magnesium. 

How to Silver Plate Steel over a Phosphate Coating. P. J. 
Lo Presti. (Metal Finishing, 1942, vol. 40, Oct., pp. 533-536: 
Sheet Metal Industries, 1943, vol. 17, Feb., pp. 259-261, 263). 
The author reports the results of adhesion tests and salt-spray 
corrosion tests of silver-plated steel, the silver being deposited over 
a phosphate coating instead of the more usual nickel or copper 
coating. It was found that a thin deposit from a 25% phosphoric- 
acid solution, formed in about 30 sec. at room temperature, im- 
proved the adhesion of silver plate. Annealing in an ordinary 
atmosphere at 750° F. did not decrease the adhesion, but an- 
nealing in nitrogen considerably reduced the adhesion. The 
phosphate coating did not improve the corrosion resistance of the 
silver coating, and annealing decreased the corrosion resistance. 

A Comparative Study of Oils for Supplemental Protection of 
Black Oxide Coatings on Steel. E. A. Parker and A. K. Graham. 
(Metal Finishing, 1942, vol. 40, July, pp. 363-364, 367). The authors 
present the results of an investigation of the resistance to rusting 
in salt-spray tests of steel panels coated with black oxide with an 
additional coat of one of several oils. The oils used were of the 
following types: Mineral oil with and without inhibitors, sperm 
oil, solvent “antirust’’ oil and water-soluble oil. The water- 
soluble oils offered the greatest resistance and the mineral oil the 
least. Soluble oils are being successfully and economically employed 
for protecting various oxide-coated parts during assembly, inspec- 
tion and storage ; they have proved to be very satisfactory for the 
permanent protection of oxide-coated parts of enclosed assemblies 
of instruments and dial gauges. - 

Recovery of Gilding Metal from Clad Steel. A. J. Thompson. 
(Iron Age, 1942, vol. 150, Nov. 12, pp. 51-53). The United States 
Ordnance Department has decided to make cartridge cases of brass- 
coated steel instead of solid brass. As a considerable amount of 
scrap arises in the course of manufacture and, as the coating con- 
tains 90% of copper, the problem arises of recovering this copper 
from the scrap. In this paper the author describes briefly the 
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methods by which some American concerns recover this copper. 
The most successful process is based on the solvent action of cupric 
ammonium carbonate on copper and zinc. It is a cheap and 
efficient process well known in the treatment of copper ores. It 
permits the almost complete recovery of copper and iron separately, 
the copper in the form of oxide and the iron as unattacked scrap. 
The amount of zinc recovered is low. 

The Testing of Continuity of Thin Tin Coatings on Steel. R. 
Kerr. (Journal of the Society of Chemical Industry, 1942, vol. 61, 
Dec., pp. 181-183). The author describes modifications of the hot- 
water porosity test and the ferricyanide paper test for hot-dipped 
tinplate, which are suitable for thin electrolytic tin coatings of 
2-8 oz. per basis box, as well as a new porosity test based on the 
amount of iron dissolved under standard conditions by an acid 
solution, the dissolved iron being determined colorimetrically by 
means of thiocyanate. 

What Causes Fishscaling? W. W. Higgins. (Porcelain Enamel 
Institute : Sheet Metal Industries, 1942, vol. 16, Nov., pp. 1724— 
1726; Dec., pp. 1894-1896; 1943, vol. 17, Jan., pp. 111-114). 
The author reviews the literature on investigations of the causes 
of fishscaling in enamel coatings on iron and steel, and discusses the 
results of his own recent investigations. His general conclusions 
are: (1) Fishscales form more readily over the “ solid rim ” portion 
of steel sheet rolled from rimming steel sheet bars; this solid rim 
forms when the ingot is cut into sheet bars because the core remains 
sandwiched between two layers of rim steel, although it does not 
extend entirely to the edge of the sheet on all four sides. (2) 
Enamel fishscales more readily when both sides of the pieces are 
enamelled. (3) Fishscaling is more likely to occur when the piece 
is fired in air than when fired using the oxidation-control method 
of firing; excessive iron-oxide. concentrations at the metal-enamel 
interface destroys the bubble structure of the enamel and promotes 
fishscaling. (4) Enamel fishscales more readily when the water- 
vapour content is high than when it is low. (5) Clear-burning clays 
in the enamel make fishscaling worse, and clays which impart a 
good bubble structure tend to reduce fishscaling. (6) Cold-working 
the metal surface reduces the tendency of fishscales to form. (7) 
Hydrogen is the gas which forms at the metal-enamel interface and 
causes fishscales to form. 

Infra-Red Heating in Industrial Processing. E. HE. Halls. 
(Metal Treatment, 1942, vol. 9, Winter Issue, pp. 159-166). Heat 
ing by radiation with infra-red rays has been successfully employed 
in the United States for about ten years, but has received little 
attention in Great Britain. In this paper the author surveys the 
process and discusses the principles, equipment, applications and 
advantages. The process was at first used for baking organic 
finishes on automobiles, and it has been developed to include the 
finishing of white enamel on refrigerator compounds, the stoving 
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of coloured enamel finishes on office furniture, the finishing of cash 
register parts, outdoor automatic machines and advertisement 
signs, and for the rapid drying of electro-plated parts as they leave 
the plating line. The lamps used are gas-filled bulbs having either 
tungsten or carbon filaments, designed to operate at between 
2200° and 2500° K. The life of a lamp is of the order of 10,000 hr. 
Lamp-reflector assemblies are marketed in units consisting of group- 
ings of a number of assemblies in circular formation or in channel 
form. In the infra-red system the whole of the energy can be used 
for the thermal process in question, provided that plants are de- 
signed with this in view. The approach to 100% efficiency is close 
if automatic control of the heat source is linked with the passage 
of the work through the chamber or heating unit, so that when 
any gaps occur in the work line the power is immediately shut off. 

Some Surface-Treatment Problems in War Time. B. Steffenburg. 
(Teknisk Tidskrift, 1942, vol. 72, Apr. 4, pp. 51-54). (In Swedish). 
The author reviews some methods which have been adopted inSweden 
for the protective coating of steel, zinc and wood, having regard to 
the difficulty in obtaining certain raw materials. A brief description 
of the Pahl method of spraying a molten resin on steel is given. 
The wax, in cylindrical solid form, is put in the pistol which is pro- 
vided with an electric heating element to bring it up to its melting 
point of about 150° C. The molten wax is projected in droplets 
by compressed air against the steel surface, which has been dried 
and slightly preheated by an acetylene flame from the same pistol. 
A layer of compressed air projected through an annular nozzle 
prevents the acetylene flame from coming in contact with the wax. 
No solvent is required for the process. If the steel surface is pre- 
pared by sand-blasting, the protection against corrosion offered by 
the wax coating is excellent, as has been shown by 5-year tests at 
the Berlin-Dahlem testing station. 


PROPERTIES AND TESTS 


(Continued from pp. 135 a—141 a) 


The Stress-Strain Curve for Steel Specimens between the Upper 
and Lower Yield Points. W. Weibull. (Jernkontorets Annaler, 
1942, vol. 126, No. 8, pp. 333-357). (In Swedish). The author 
describes a special tensile-testing machine with which accurate 
stress-strain curves could be obtained for the elongation of the 
Specimen between the upper and lower yield points. Specimens - 
80 mm. long x 5 mm. in dia. were used. The specimen passed 
through a slot in a wedge-shaped block which moved between 
the two specimen-carrier blocks. At the face of one carrier block 
two pairs of quartz crystals with a combined bearing surface of 
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2000 sq. mm. were arranged. The crystals were connected with 
a valve, an amplifier and an oscillograph. Tensile stress was 
applied to the specimen by an electric motor connected by worm- 
gearing to the wedge, and the movement of the wedge was 
mechanically linked to the drum moving the oscillograph chart. 
With this apparatus curves were obtained in which 1 mm. on the 
ordinates represented a stress of 0-429 kg. per sq. mm. and 1 mm. 
on the abscissae represented an elongation of 1-31 x 10-3 mm. 

Stress-strain curves for three steels containing carbon 0-04%, 
0-12% and 0-51% respectively, at three different rates of strain 
are presented. From a study of these it is seen that the rate at 
which the stress decreases is directly proportional to the elongation 
rate, but the difference between the upper and lower yield points 
does not depend on the rate of elongation, neither is there any 
correlation between the upper and lower yield points. 

Internal Stress of Metals. ©. A. Wilkins. (Metallurgia, 1943, 
vol. 27, Jan., pp. 115-117, 120). The author discusses theories 
relating to the formation and nature of internal stresses in metals 
and describes methods of measuring them. Internal stresses of 
large magnitude can be set up in metals during heat treatment, 
and these can be accentuated or decreased by various factors, such 
as machining conditions and the shape of the part. In forgings, the 
expansion due to the formation of martensite and the contraction 
due to hot upsetting are probably of the greatest importance when 
quenching, but the shape of the part and the conditions during 
heating and cooling all tend to modify the net result. Although 
non-destructive X-ray methods of measuring internal stress have 
been introduced with mixed success, a sensitive non-destructive 
method has not yet been found, and the author suggests that-tests 
might be based on either accurate e.m.f. measurements, or on the 
magnetic permeability of the metals. : : 

Plastic Deformation of Metals under Stress. A. Markin. 
(Australian Institute of Metals: Australasian Engineer, 1942, 
vol. 42, Dec. 7, pp. 9-11, 45-55). The author surveys the theories 
concerning the plastic deformation of metals and its effect on their 
physical properties, and discusses the application of plastic working 
in industry. The mechanical properties of a metal sensitive to 
changes in structure and the changes in most of the individual 
properties produced by cold deformation are closely related to each 
other. The rate and extent of strain-hardening vary appreciably 
for the different metals and alloys. The reduction of area is de- 
ereased more rapidly by drawing than by rolling, and light rolling 
may even produce a small increase in this value. Cold-work 
considerably increases the fatigue strength of steel, particularly 
so if it is followed by annealing. The cold-deformation accom- 
panying the fatigue process itself affects the fatigue strength in a 
manner depending on whether the stress 18 below or above the 
fatigue limit. Low-stress cycles increase and high-stress cycles 
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reduce the fatigue strength. The creep properties of metals are 
adversely affected by cold work. The retarding effect of strain- 
hardening on creep is observed up to a certain temperature when 
the load is applied for a long time. Above a critical temperature 
a cold-worked metal creeps faster than an annealed metal. The 
degree of strain-hardening of a coarse-grained, and therefore softer, 
metal for a given reduction is less than the hardening of a fine- 
grained one. The velocity of deformation does not appreciably 
affect the degree of strain hardening. The tendency of soft steel 
sheet to form stretcher strains increases with an increasing rate of 
deformation ; slow starting speeds are therefore desirable for the 
deep-drawing of soft steel. 

Fatigue Strength of Commercial Butt Welds in Carbon-Steel 
Plates. W. M. Wilson. (Welding Journal, 1942, vol. 21, Oct., 
pp. 491-S-496-S). The author reports the results of a compre- 
hensive series of fatigue tests on butt-welded specimens of {-in. 
rolled steel plate ; the object was to determine what fatigue strength 
values should be inserted in specifications for butt welds in welded 
structures. The following conclusions were arrived at: (1) The 
fatigue strength was about 50% greater for failure at 100,000 
cycles than at 2,000,000 cycles; (2) the fatigue strength was about 
50% greater when the stress range was from zero to a maximum 
tension than for a range from a maximum tension to an equal 
compression value ; (3) the fatigue strength for failure at 2,000,000 
cycles with a stress range from maximum tension to 50% of this 
tension equalled or exceeded the yield point of the material and is 
therefore not important to the engineer; (4) machining off the 
re-enforcement flush with the base plate increased the fatigue 
strength of the welded joint by a significant amount; (5) the 
variations in the quality of the weld resulting from variations in the 
skill of the operator were greater than those resulting from the use 
of different electrodes; (6) the fatigue test is a searching one and 
will reveal flaws in welds that pass the standard static tension 
test ; and (7) the common flaws that cause a low fatigue strength 
in butt welds, in order of importance, are: Lack of fusion of the 
base plate, especially at the root of the weld; slag inclusions; 
and blow-holes. 

Strength of Steel Subjected to Biaxial Fatigue Stresses. J. 
Marin. (Welding Journal, 1942, vol. 21, Nov., pp. 554-S-559-S). 
The author describes a testing machine which was developed to 
enable biaxial fatigue stresses to be applied simultaneously to 
tubular steel specimens, the object being to obtain data on the 
fatigue strength of metals subjected to combined stresses. The 
specimens were 6} in. long with an inside diameter of 1 in., the 
wall thickness was 0-050 in. at the thinnest part in the centre; 
they had flanges and screwed spigots at the ends to take an oil 
plunger in one end and a link to a rocking lever at the other end. 
A single electric motor was arranged to drive two eccentrics, one 
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of which operated the rocking lever so as to apply a longitudinal 
fluctuating load, the other operated the oil plunger so as to cause a 
fluctuating pressure of oil on the internal walls of the specimen. 
The load and oil-pressure ranges could be controlled. The motor 
speed and gearing were designed to produce 200 load cycles per min. 
The results of some preliminary tests on a 0-20% carbon steél are 
given, but sufficient data have not yet been obtained for any con- 
clusions to be drawn. 

How to Use Hardness Tests. T. H. Gray. (Machinist, 1943, 
vol. 86, Jan. 16, pp. 1075-1078). The author explains how in- 
dentation hardness tests can be used to detect surface decarburisation 
and case depth, and discusses the possible causes of insufficient 
hardness and “ soft spots ”’ in heat-treated steel. 

Effect of Moderate Cold-Rolling on the Hardness of the Surface 
Layer of 0-34-percent-Carbon Steel Plates. H. K. Herschman. 
(Journal of Research of the National Bureau of Standards, 1942, 
vol. 29, July, pp. 57-67). The author reports on an investigation 
of the changes caused by cold-rolling in the hardness of specimens 
of steel plate, measuring 44 x 1 x + in. and containing carbon 
0:34%. The surface of the specimens was initially surface-finishing 
by three different methods—grinding, buffing and metallographic 
polishing. After rolling, hardness tests were made with Knoop 
and Rockwell indenters. The Knoop hardness number of the surface 
layer of the steel was lower after cold-rolling reductions of 1% and 
2° than it was prior to rolling. The results with the Rockwell 
tester in no case revealed a lower hardness after cold-rolling. The 
Knoop readings obtained suggest that the most significant hardness 
decreases which accompanied the lighter degrees of rolling (reduc- 
tions of 1% and 2%) occurred in a layer less than 0-0003 in. thick. 

Jominy End-Quench Hardenability Tests on Carbon-Manganese 
Steels. G. A. Timmons. (Welding Journal, 1942, vol. 21, Oct., 
pp. 467-S-476-S). The author reports the results of end-quench 
hardenability tests carried out by the Climax Molybdenum Co. on 
five manganese steels (in the range carbon 0:25% to 0:37%, man- 
ganese 0-38% to 1:45%) the results of which were to be correlated 
with data obtained by other workers investigating the weldability 
of similar steels (see p. 167 A). Curves are presented showing 
the increase in hardness obtained when the steels were quenched. 
from 1700°, 2100° and 2350° F. The results obtained were not 
always consistent, but essentially the steels behaved in a manner 
which could be predicted from a knowledge of the composition and 
grain size. In order to correlate the quantitative data obtained 
from end-quench tests it would be necessary to determine the 
cooling rates of the specimens at various locations when the tem- 
peratures from which they were quenched were increased, and then 
to determine the cooling rates in the heat-affected zone of the 
particular weld under consideration. The microstructures produced 
in end-quenched specimens should be examined in order to deter- 
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mine the grain sizes developed after quenching from various tem- 
peratures; from such an examination the general characteristics 
and properties of the microconstituents which are likely to be 
found in the heat-affected zone of welds in similar steel could be 
predicted. : 

The Effect of Welding on the Shear and Hardness Properties of 
Mild Steel Bars. W. D. Lewis. (Welding Journal, 1942, vol. 21, 
Nov., pp. 559-S-561-S). The author reports the results of hardness 
and shear strength tests on welded round bars of 0-20% carbon 
steel in the as-rolled state and after different forms of heat treat- 
ment. Graphs are presented of the changes in hardness and shear 
strength with increasing distance from the centre of the weld. 
The maximum shear strength and hardness values were obtained 
after oil-quenching from 900° to 920° C. Good machining and low 
hardness values were obtained after cooling in air from 900° to 920° C. 

Ageing Phenomena in Steel. N. G. Fraser. (Australian 
Institute of Metals: Australasian Engineer, 1942, vol. 42, Nov. 7, 
pp. 177-179). The author discusses the ageing of steel. Straining 
low-carbon steel gives rise to two effects: (1) The increase in hard- 
ness which accompanies cold-working in even the purest single- 
phase metal, and (2) the increase in hardness by the precipitation 
or dispersion of another phase induced by the straining. The 
increase in hardness with ageing is the result of a precipitation 
phenomenon, since its manifestations are, on the whole, similar to 
those of ordinary quench-ageing, and also because it has been 
found to depend to a large extent on the presence of the same > 
constituents as are generally believed to be responsible for quench- 
ageing. Carbon, nitrogen and oxygen have an appreciable solubility 
in «-iron at just below the Ar, point, but are much less soluble at 
room temperature so that, if the amount of any of these elements 
present exceeds the limit of solubility at room temperature, pre- 
cipitation and ageing can occur. If, in manufacturing a deep- 
drawn article, the drawing is carried out in several successive 
stages, the stages.should follow one another without interruption, 
for it is not generally recognised that the heat generated in the 
steel in any one operation may be sufficient to reduce to perhaps 
one hour the time for the ageing process to be completed. 

On the Cause of High Permeability of Alloys Fe-Si-Al (* Sen- 
dust ’’). A.S. Zaimovsky and I. P. Selissky. (Journal of Physics, 
U.S.S.R., 1941, vol. 4, No. 6, pp. 563-565). The authors determined 
the magnetic permeability of ninety iron-silicon-aluminium alloys 
with compositions in the range silicon 2% to 15% and aluminium 
2% to 13% and found that their high permeability was closely 
related to low magnetostriction and low magnetic anisotropy 
constants. 

High Permeability and Superstructure in Fe-Si-Al Alloys « Sen- 
dust’? Type. I. P. Selissky. (Journal of Physics, U.S.8.R., 
1941, vol. 4, No. 6, pp. 567-568). The author investigated the 
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influence of heat treatment on the magnetic properties of two 
iron-silicon-aluminium alloys (aluminium 5-03% and 5-43%, 
silicon 9:8% and 9-38% respectively). These alloys probably 
contain superstructures of the type Fe,(Al,Si). Rapid cooling 
caused a partial disorder which promoted an increase in the magnetic 
permeability. 

Compacted Magnets with a Synthetic Resin Binder. H. Dehler. 
(Stahl und Hisen, 1942, vol. 62, Nov. 19, pp. 983-986). Permanent 
magnets of cast iron-nickel-aluminium alloys are brittle, and as 
hard as glass; they can only be ground, and it is very difficult to 
cast them with small holes. In this paper the author describes a 
process, patented by M. Baermann, by which these magnets can 
be made from the crushed and finely powdered alloy by pressing 
at a temperature below the sintering point, using a synthetic resin 
binder. The compacts can be made with small holes or with studs 
inthem. The magnetic properties of the magnets made in this way 
have about 20% of the value of those of cast magnets. The process 
can be applied with advantage to the mass production of magnets. 

Substitute Metals. S. C. Johnson. (Australian Institute of 
Metals: Australasian Engineer, 1942, vol. 42, Nov. 7, pp. 181- 
191). The author reviews developments in the manufacture and 
application of carbon and low-alloy steels as substitutes for steels . 
containing higher proportions of alloying elements which are 
difficult to obtain. The microstructure which will produce the 
maximum ductility at high hardness is the one which, whether 
tempered or not, is uniformly free from transformation products, 
in particular, from ferrite. To achieve this, the work should be 
heated long enough and at a temperature sufficiently high to obtain 
austenite of a high degree of uniformity, and it should then be 
quenched fast enough to prevent any excess ferrite moving into the 
grain boundaries. The properties of steels to British Standard 
No. 970 and of the American N.E. (National Emergency) steels 
are discussed and reference is made to the German claim to be 
using nitrogen as a substitute for nickel in certain steels in the 
proportion of 0-15% of the former to 3% or 4% of the latter. 
The question of replacing some of the nickel in low-nickel steels by 
copper is controversial and requires further research. Manganese 
is being used in some cast steels to replace nickel in low-alloy cast 
steels. Copper in cast steels increases the tensile and yield strengths ; 
the optimum amount of copper varies between 1% and 2%. A 
process of impregnating steels with silicon has been developed ; 
this involves heating the part in an atmosphere of silicon tetra- 
chloride formed by passing chlorine into a chamber in which the 

art is embedded in silicon carbide or ferro-silicon. After 2 hr. 
at 1700-1850° F., a case depth of about 0-030 in. containing 14% 
of silicon is obtained. This process may be applied to mild steel 
and malleable cast iron; the case produced resists both wear and 


corrosion. 
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The National Emergency Steel Compositions. C. M. Parker. 
(A.S.T.M. Bulletin, 1942, Aug., pp. 36-41). This was the author’s 
contribution to a discussion on Alternate Alloy Steels and Con- 
servation of Strategic Alloys. He presents data on the properties 
of many of the National Emergency Steels. 

Application of N.E. Steels. M. J. BR. Morris. (A.S.T.M. 
Bulletin, 1942, Aug., pp. 41-43). In this contribution to a discus- 
sion on Alternate Alloy Steels and Conservation of Strategic Alloys 
the author discusses the properties and applications of some of the 
case-hardening qualities of the National Emergency Steels. 

Gearmaker Reports on Successful Applications of N.E. (National 
Emergency) Alloy Steels. E. J. Wellauer. (American Gear 
Manufacturers’ Association: Steel, 1942, vol. 111, Nov. 16, pp. 
106-107, 129-135). The author presents and discusses data on 
the hardenability of some of the new National Emergency steels 
which show, in particular, that a low-alloy manganese-chromium- 
molybdenum steel can be successfully used for making gears and 
pinions. 

The Application and Testing of Steels for Use at Low Tem- 
peratures. H.J. Wiester. (Stahl und Eisen, 1948, vol. 63, Jan. 21, 
pp. 41-47; Jan. 28, pp. 64-68). The author reports the results 
of an investigation of the changes in the mechanical properties of 
alloy steels at temperatures of + 20° and — 180° C. The steels 
tested were two non-ageing unalloyed steels, several low-alloy 
steels containing chromium with nickel, chromium with molyb- 
denum, chromium with manganese, chromium with vanadium, 
and chromium with aluminium, as well as austenitic chromium- 
nickel and chromium-manganese steels. The shape of the specimen 
has an important effect on the impact-test results, and the notch 
3 mm. deep with a radius of 1 mm. in the DVM specimens 
measuring 55 X 10 x 10 mm. is much too severe to represent con- 
ditions arising in practice. The specimen proposed by H. Bennek 
is suggested ; this measures 55 x 10 x 8 mm. with a notch 4 mm. 
deep and a radius of 4mm. The metallurgical history and the heat 
treatment of the steel have an important effect on its behaviour at 
low temperatures. The selected composition of an alloy steel 
should be such that sufficient core strength is obtained together 
with the required case depth and hardness. Steels with a tendency 
to temper brittleness should be drastically quenched after temper- 
ing. The finest possible grain size is desirable. It is advisable to 
use a strong deoxidising agent (e.g., aluminium) when making steel 
for use at low temperatures, as this lowers the ageing tendency. 
Basic Bessemer steel has a strong ageing tendency, and should not 
be used in low-temperature plant. There is no difficulty in selecting 
a steel with adequate impact strength at — 75° ©. At — 180°C., 
however, it is not possible to get an unalloyed steel with a satis- 
factory impact strength even when Bennek’s specimen is used, 
whilst there is no difficulty with a number of alloy steels. Low- 
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alloy steels containing neither nickel nor molybdenum will, after 
careful heat treatment, give almost as good impact-test results as 
the previously preferred steels containing these elements. Sufficient 
impact resistance at the temperature of liquid air can only be 
obtained with austenitic steels, and in this class the chromium- 
manganese and high manganese types are just as good as the 
chromium-nickel and nickel steels. 

The Strength Properties of Heat-Treated Chromium-Manganese 
Case-Hardening Steels. A. Krisch. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung: Stahl und Eisen, 1943, 
vol. 63, Jan. 28, pp. 61-64). The author reports on an investigation 
to determine whether the German low-alloy case-hardening steels 
EC 80 and EC 100 could also be used after heat treatment as high- 
strength steels. The steels contain small amounts of chromium, 
nickel and molybdenum. Specimens were prepared by quenching 
in water and tempering at 220° C. It was found very difficult to 
heat-treat them to give a specific range of mechanical properties, 
as the strength was governed by the quenching, not by the tempering. 
With steel EC 100 a tensile strength of over 140 kg. per sq. mm. 
and high impact values could be obtained. 

Alloy Cast Irons. E. Cozens. (Machine Shop Magazine, 1943, 
vol. 4, Feb., pp. 51-54). The author discusses the properties of 
alloy cast irons giving examples of their application in engineering 
shops. Chromite and Meehanite are dealt with in particular. The 
former is a chromium-nickel cast iron with good heat-resisting 
properties; it is frequently used for pack-carburising boxes and. 
annealing boxes, as it does not distort much. 

D.T.D. 126A.—A Useful Carbon-Manganese Steel. B. Thomas. 
(Metallurgia, 1943, vol. 27, Jan., pp. 87-88). The author discusses 
the properties of steel to Air Ministry Specification D.T.D. 126A ; 
this has a tensile strength of 40-55 tons per sq. in. and contains 
carbon 0-:30% max., manganese 1-75% max., and it may contain 
up to 0:20% of nickel; it is used for drop stampings and forgings. 
The most suitable quenching temperature for the heat treatment 
is 870° C. When the parts are from } in. to 3 in. thick, it may be 
possible to adopt the lower figure of 850° C. Although some 
critics may say that 20° C. difference is too small to bother about, 
the author suggests that for a plant handling say 50 tons per day 
of quenched work, the difference in heat dissipation required of 
already heavily overburdened oil-quenching equipment by this 
reduced temperature, with the specific heat of steel taken as 0-16, 
is very considerable, quite apart from the waste of fuel in maintain- 
ing a furnace at 870° when only 850° C. is necessary. ‘ 

Cast Steel Tire Cuts Maintenance Costs. H. H. Blosjo. 
(American Foundryman, 1942, vol. 4, Nov., pp. 2-4). The author 
describes and illustrates a new type of cast-steel tyre for Diesel 
locomotives. The wheel consists of three castings of high-carbon 
steel, comprising the tyre and two retainer castings, one of them 
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integral with the hub. Between the retainer castings and the tyre 
are mounted two preformed rubber insulators, the whole assembly 
being held by twelve bolts, which makes the replacement of a worn 
tyre a simple matter. 
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Industrial Research in Great Britain. P. Dunsheath. (Royal 
Society of Arts: Foundry Trade Journal, 1943, vol. 69, Feb. 11, 
pp. 111-114). The author discusses the organisation of industrial 
research in Great Britain, giving information on the expenditure 
and activities of research associations. The publication of the 
results of research and the obtaining of patents are also dealt with. 
To bring science and industry in still closer contact there should 
be set up means for the cross-fertilisation of ideas. A live central 
co-ordinating secretariat is suggested to maintain a comprehensive 
record of all researches in progress and completed; it might also 
have powers to maintain secrecy at certain stages of an investiga- 
tion in the interest of originating members, and decide when, in 
the public interest, publication is desirable. 

Investigations with the Supermicroscope of the Structure of 
Unalloyed Steels. H. Mahl and F. Pawlek. (Archiv fiir das 
Hisenhiittenwesen, 1942, vol. 16, Dec., pp. 219-222). The authors 
present and compare micrographs of the structure of nine heat- 
treated plain carbon steels containing from 0-35% to 1-62% of 
carbon, pictures of the same areas of the specimens being obtained 
at up to 10,000 diameters with an electron-microscope and an 
optical microscope. With an air-cooled steel the electron-micro- 
scope was markedly superior in resolving the minute islands of 
pearlite. In the case of eutectoid and hypereutectoid steels, the 
structure resulting from the decomposition of the austenite, which 
could not be resolved by the optical microscope, was revealed as a 
more or less well-developed fine pearlitic structure by the electron 
microscope. Micrographs of the martensitic structure by the two 
methods were very similar, although the subdivision of the needle- 
like crystals was shown up better by the electron-microscope 
technique. The troostite produced by quenching in water from 
1100° C. did not have the expected pearlitic structure, but only 
showed indications that pearlite was beginning to form. 

Investigations with the Supermicroscope of Martensite in 0-24°% 
Carbon Steel at Different Degrees of Temper. Edith Semmler-Alter. 
(Archiv fiir das Kisenhiittenwesen, 1942, vol. 16, Dec., pp. 223- 
225). The authoress gives an account of an investigation of the 
changes in structure of a hardened 0:24% carbon steel brought 
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about by tempering at various temperatures in the 200-920° C. 
range. Magnifications of about 4000 to 4500 were obtained by 
electron-optical methods using transparent colloidal films and, by 
subsequent enlargement, micrographs at 10,000 diameters were 
obtained ; these were supplemented by oblique projection back- 
reflection pictures at 7000 diameters. The definition obtained 
exceeded by far that obtained by the optical microscope at 1000 
‘diameters. The technique for preparing the films and removing 
them from the specimens is given in detail and several of the micro- 
graphs are reproduced. 

A Scanning Electron Microscope. V. K. Zworykin, J. Hillier 
and R. L. Snyder. (A.S.T.M. Bulletin, 1942, Aug., pp. 15-23). 
The authors describe the development, in the laboratories of the 
Radio Corporation of America, of a scanning electron microscope 
with which the surface of opaque materials can be examined. 
The essential features of the equipment are: (a) A heated tungsten 
wire as the light source ; (b) four electrostatic lenses through which 
the electron beam passes to the surface under examination; (c) a 
fluorescent screen which catches the secondary electrons reflected 
from the surface and produces an optical image which is scanned 
magnetically. Some micrograms of the surface of nickel, brass 
and Bakelite reproduced by this apparatus are presented. 

The State of the Carbon in Tempered Steel. M. Arbusow and 
G. Kurdjumow. (Journal of Physics, U.S.S.R., 1941, volemay 
No. 2-3, pp. 101-108). The authors report the results of an X-ray 
investigation of the carbon-rich phase which is precipitated on 
tempering steel at temperatures in the 130-300° C. range. Speci- 
mens of 1-4°% carbon steel were used which had a regular martensitic 
structure formed by the quenching of a single austenite crystal. 
The X-ray pictures revealed interference lines of a carbide which 
was not Fe,C. On tempering in the 300-380° C. range this new 
carbide is converted to Fe,C. The steel tempered in the 130- 
300° C. range consists of a heterogeneous mixture of the «-phase 
supersaturated with carbon and an unknown carbide. 

Method of Recording Macro-Structures. G. A. Cottell. (Hn- 
gineering, 1943, vol. 155, Jan. 29, pp. 81-83). The author describes 
a technique for producing contact ink impressions of macrostruc- 
tures on a transparent support; these have the advantage over 
sulphur prints in that they can be enlarged by projection to about 
six diameters; the impression is capable of recording much finer 
detail than that obtained on glossy art paper. : 

Effect of the Alloying-Element Content and the Testing Con- 
ditions on the y—> « Transformation in the Cold-Deformation of 
Austenitic Steels. K. Mathieu. (Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung: Archiv fiir das Hisenhiit- 
tenwesen, 1942, vol. 16, Dec., pp. 215-218). The author reports the 
results of investigations of the degree of y—> « transformation 
caused by the cold-deformation of three types of austenitic steel, 
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namely: (1) 18/8 steels, some containing titanium; (2) steels 
containing manganese 16-18% and chromium 1-12%, some with 
nitrogen additions; and (3) steels containing manganese 12-17%. 
Specimens 5 mm. in dia. with a 50-mm. gauge length were deformed 
by one of three methods, 7.e., drawing through a die, rolling, and 
pulling, to give elongations increasing in stages of 5% until fracture. 
The gauge lengths were then cut into 15 pieces each 3 mm. long 
the specific magnetic saturation of which was determined in a 
magnetic balance; this value varies directly with the amount of 
a-phase. In general, the amount of «-phase increased with increas- 
ing deformation, the amount of the increase after small deformations 
being less than after heavy deformations. After very severe defor- 
mation there was often a decrease in the magnetic saturation which 
was probably due to temperature changes. Above a certain tem- 
perature the austenite remained stable, with decreasing temperature 
the stability was reduced. The heat developed by the deformation 
had a marked effect on the decomposition of the austenite. 

Influence of Initial Structure and Rate of Heating on the Austenitic 
Grain Size of 0-5-percent-Carbon Steels and Iron-Carbon Alloy. 
T. G. Digges and §. J. Rosenberg. (Journal of Research of the 
National Bureau of Standards, 1942, vol. 29, July, pp. 33-40). 
The authors report on an investigation of the influence of the initial 
structure and the rate of heating through the transformation 
temperature range on the grain sizes at 1475° and 1600° F. of a high- 
purity iron-carbon alloy and two commercial steels each containing 
carbon 0:5%. The iron-carbon alloy contained 0-5°% of carbon’ 
and less than 0-031% of identifiable impurities. The two steels 
were treated to give initial structures differing in the interlamellar 
spacing of pearlite, or in the form and distribution of the carbides. 
Variations in initial structure had no effect on the grain size of the 
iron-carbon alloy. Although the initial structure had some influence 
on the grain size of the steels, no correlation was found between the 
grain size and the spacing of the pearlite. The rate of heating had 
a pronounced effect on the grain size of the iron-carbon alloy, and, 
in some cases, on the grain size of the steels. The trend in the steels 
was the reverse of that in the alloy in that the finest grains were 
obtained in the steels with slow rates of heating. A large number 
of the micrographs of the structures obtained are reproduced. (See 
p. 108 A.) 
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Maintenance of Colliery Wire Ropes. A. E. McClelland. 
(Manchester Geological and Mining Society: Colliery Guardian, 
1943, vol. 166, Feb. 5, pp. 153-159 ; Iron and Coal Trades Review, 
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1943, vol. 146, Jan. 29, pp. 152-153). The author draws attention 
to the main causes of deterioration of winding and haulage ropes as 
disclosed by investigations of the Safety in Mines Research Board. 
Corrosion-fatigue is the most troublesome and widespread form of 
deterioration. As seen by the naked eye, the fractures from this 
cause are similar to dry fatigue fractures, but the microscope 
reveals numerous corroded side cracks. The use of galvanised 
wire, improving the lubrication, preventing the access of moisture 
and reducing repeated stressing by any means which will give a 
smoother wind are methods of combating corrosion-fatigue. 

Electrolytic Protection of Water Systems. P. S. Armstrong. 
(Iron and Steel Engineer, 1942, vol. 19, Oct., pp. 34-39). The 
author reports and discusses the results of several series of tests 
with the cathodic protection of water-tanks to ascertain its effect 
on the water in the tank. It was found that the cathodic protection 
of tanks storing boiler feed water is a practical and economic 
proposition. The treatment of the water for boiler purposes is not 
obviated by installing a cathodic protection system, although such 
troublesome elements as iron and manganese may be removed by it. 

What Effect Has the Air Content of the Water on Cavitation and 
Corrosion? I. Vuskovic. (Escher Wyss Mitteilungen: Teknisk 
Tidskrift, 1942, vol. 72, Feb. 21, pp. 20-24; Mar. 21, pp. 32-35). 
(In Swedish). The author reports on an investigation of the factors 
affecting the cavitation of turbine blades. An apparatus was set 
up with which the changes in the air content of the water with 
changes in degree of vacuum could be followed. A stroboscope 
was used to establish the point at which the air began to separate 
out from the water. The stroboscope revealed that air separated 
out first in the form of a scum of bubbles of microscopic size, the 
steam separated out later, quite suddenly, when a certain. critical 
degree of vacuum was reached, and this point marked the beginning 
of cavitation. An increase in the amount of air in the water caused 
a decrease in the cavitation corrosion. This can only be explained 
by the theory which Fottinger put forward in 1926, namely, that 
the undissolved air acts as a cushion when the bubbles containing 
air and steam collapse. 

Solubility of Steels in Lead and Lead Alloys. W. Timmerhoff. 
(Zeitschrift fiir Metallkunde : Metal Treatment, 1942, vol. 9, 
Winter Issue, pp. 187-188). Solubility of Steels in Molten Lead. 
W. Timmerhof. (Iron and Coal Trades Review, 1943, vol. 146, 
Jan. 22, pp. 129, 132). The author gives an account of some tests 
of the solubility of Armco iron and of steel rods in molten lead, 
molten antimony and lead, tin and antimony alloys at temperatures 
exceeding 500° C. After 2 hr. in molten antimony at 650° C. all 
rods were heavily attacked. After 7 days in a melt of lead plus 
8% of antimony at 500° C. the samples acquired a lead coating in 
places, whereas at higher temperatures, a thin coat of lead was 
found spread over the whole surface. In the next test, samples 
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were rotated for 24 days in melts at 600° and 750° C. and the attack 
was much greater than when the rods were stationary. In the 
final test, samples were suspended in a melt of lead with 8% of tin © 
for 21 days. At 450° and 600° C. the samples were covered with a 
thin lead coating. A section of Armco iron after immersion at 
450° C. showed slight attack in places. 
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Biringuccio, V. ‘‘ The Pirotechnia of Vannochio Biringuccio.” 
Translated from the Italian with an Introduction and Notes 
by Cyril Stanley Smith and Martha Teach Gnudi. (Publica- 
tion sponsored by the Seeley W. Mudd Memorial Fund). 
8vo. pp. xxvi + 476. Illustrated. New York, 1942: The 
American Institute of Mining and Metallurgical Engineers. 
(Price $5). 


Biringuccio’s ‘‘ Pirotechnia,”’ the first printed treatise on the whole 
field of metallurgy, is quoted by most authors on the history of the 
subject, but almost always at second hand. Although it passed 
through five Italian editions between its first publication in 1540 
and 1678, and it was translated into French, the original work is not 
often seen, and it never acquired the popularity of Agricola’s ‘‘ De Re 
Metallica,’’ which followed it in 1556. This famous work is now well 
known to English-speaking metallurgists through the translation by 
H.C. and L. Hoover. Biringuccio’s work was less attractively printed, 
and its woodcuts had not the beauty or completeness of those which 
illustrated Agricola’s treatise. Only a few sections have previously 
been translated into English, and are known through their quotation 
in the works of Percy and Hoover. 

The present edition is the product of a collaboration which sets a — 
pattern for similar undertakings. One of the authors is an authority 
on Italian literature and the other an expert metallurgist. The result 
is entirely happy, as both textual and technical accuracy have been 
ensured. The style, which is consistently maintained throughout, 
has a faintly archaic flavour which makes pleasant reading. Birin- 
guccio was a craftsman, not a learned scholar, and he wrote with 
enthusiasm of what he knew at first hand. He had visited many 
mines in Germany as well as in Italy, and controlled foundries in his 
own city of Siena and later in Rome. 

Earlier writers on metallurgy had given far more attention to what 
had been said on the subject by Dioscorides and Pliny than to processes 
which they had seen, and the note of scepticism which is found both 
in Biringuccio and in Agricola is most refreshing. The Italian author 
is satirical at the expense of the alchemists and of such learned but 
superstitious writers as Albertus Magnus. For some reason, however, 
perhaps because this was a field in which he had less experience, his 
scepticism deserts him in the chapter on gem stones, in which he repeats, 
apparently without satirical intention, such old fables as that the only 
liquid in which the diamond can be cut is the blood of a he-goat which 
has drunk wine and fed on parsley for several days beforehand. There 
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are few lapses of this kind, and Biringuccio must be looked upon as 
an early example of the scientifically minded practical worker, coolly 
sceptical of all but experience, and in so far a forerunner of the scientific 
galaxy of the succeeding century. He was not an original thinker, 
but he deserves the gratitude of metallurgists for having set down so 
fully the practice of his day in the treatment of ores, in smelting and 
foundry practice, and in such minor arts as coining and wire-drawing. 
The section on guns is remarkably full, and the title is further justified 
by the inclusion of chapters on gunpowder and its various applications. 
The printing, in a very beautiful and legible type, does the greatest 
credit to the Yale University Press. On account of the inadequacy 
of the original woodcuts, the translators have added a few reproductions 
of drawings from Agricola and Ercker, which show better the con- 
struction of furnaces described in the text. Both bibliography and 
index are provided. In all, an admirably edited book which deserves 
the warmest welcome. C. H. Dzsoux. 
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The Iron-Bearing Coastal Sands in Italy. G. Coppa-Zuccari. 
(Montanistische Rundschau: Teknisk Tidskrift, 1943, vol. ios 
Jan. 9, pp. B4-B5). (In Swedish). After briefly reviewing the 
occurrence and nature of the iron-bearing sands on the Italian 
coast and previous attempts to exploit them, the author gives an 
account of the progress made since 1938 by the S.A. Nazionale 
Cogne with sand on the coast near Nettunia. This sand contains 
titania and magnetite, as well as ilmenite and zirconia. The 
sand is first screened into three sizes, and a magnetite concentrate 
containing about 62% of iron, 3-5% of titanium and 0-12% of 
vanadium is produced from these by magnetic separation. A 
method of sintering the concentrate and reducing the sinter in the 
blast-furnace has been worked out; no details of this are given. 
Another method has been worked out by the 8.A. Breda. 

California’s Chromite Assumes New Importance. J. B. Huttl. 
(Engineering and Mining Journal, 1942, vol. 143, Oct., pp. 43-46). 
The author gives a brief account of the occurrence of chromium 
ores in California, with some details of the concentration plants of 
the Rustless Mining Corporation. 

The Mineral Resources of Northern Rhodesia. T. Deans. (Bulle- 
tin of the Imperial Institute, 1942, vol. 40, No. 4, pp. 295-306). 
The author gives an account of the development of the mineral 
resources of Northern Rhodesia. The total value of the minerals 
produced has risen from £3,000,000 in 1924 to £66,000,000 in 1939. 
Copper ores easily take first place in production. The Nkana 
copper mine also produces important quantities of cobalt, the ore 
containing 0-02-0-5%, of cobalt in the form of the sulphide carrollite. 
Tungsten occurs, but not in economic quantities. There are some 
manganese deposits, but they appear to be of low grade,“and are 
not very extensive. Deposits of high-grade hematite and mag- 
netite also occur; their extent is not known, and it is unlikely 
that an iron industry will ever be established. 
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Technical and Economic Aspects of Ore Concentration, Selecting 
the Method of Crushing, and the Factors Related Therewith. S. 
Mortsell. (Teknisk Tidskrift, 1942, vol. 72, Oct. 10, Bergsvetenskap 
pp. 77-82). (In Swedish). The author discusses how the following 
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factors affect the crushing and concentration of ores: (1) The 
proportion of fines; (2) the granite in the ore as mined; (3) the 
way different qualities of ores are mixed in the ore as mined; 
(4) woody substances in the ore; (5) fatty or oily substances in 
the ore; and (6) oxidation during continued storage at the crushing 
plant. The manner in which crushing problems have been dealt 
with by Bolidens Aktiebolag, which refines sulphide ores, is ex- 
plained. 

Beneficiation of Scheelite Ores by Gravity Concentration. 
E. H. Burdick. (American Institute of Mining and Metallurgical 
Engineers, Technical Publication No. 1534: Mining Technology, 
1942, vol. 6, Nov.). The author discusses the methods of con- 
eee scheelite ore containing from 0-4% to 1-:0% of tungstic 
oxide. 

Survey of the Iron Ore, Pig Iron and Scrap Situation. M. D. 
Harbaugh. (Iron and Steel Engineer, 1942, vol. 19, Nov., pp. 26- 
29). The author surveys the changes brought about in the demand 
and production of iron ore, pig iron and scrap in the United States 
owing to war conditions. The ore situation is such that the mining 
industry is giving immediate consideration to plans for an under- 
taking that it had not expected to have to deal with seriously for 
another 10 or 15 years, namely, the production of high-grade 
ore by the large-scale concentration of the iron-bearing rock (the 
taconites) of the Lake Superior ranges; this rock, which contains 
25-30%, of iron and twice as much silica, occurs in practically 
unlimited quantity. By 1941, pig iron and scrap consumption 
had risen to 35 and 374 million tons respectively. Despite publicity 
and political promotion, it does not appear that sponge iron will 
contribute anything to the metal shortage. 

2400 Tons of Sinter per Day. (Iron Age, 1942, vol. 150, Dec. 31, 
pp. 32-35). An illustrated description is given of a modern sinter- 
ing plant at the Campbell Works of the Youngstown Sheet and 
Tube Co. Ore fines, flue dust, coke breeze and scale are the raw 
materials. There are two sintering machines, with a separate 
feeder system for each on opposite sides of the storage bins. By 
discharging from two or more bins and controlling the flow of 
material, any proportion of each material can be obtained in the 
sinter mix. The sintering machines are about 87 ft. long with 
grates 72 in. wide. The charge is deposited from a swinging chute 
on to the pans, which pass along a conveyor under the igniter ; 
this consists of a line of coke-oven-gas burners supplied with air 
at high pressure. Suction is applied by twelve wind-boxes under- 
neath the pans. The two fans producing the draft for the system 
have a capacity of 140,000 cu. ft. of air per min. at a 25-in. static 
head. There are sixty electric motors on the whole plant, and 
all the main ones are controlled at one central point. os 

Briquetting Machine Supplies Charge and Feed Ore in Cubes. 
J. D. Knox. (Steel, 1943, vol. 112, Jan. 11, pp. 82-86). The 
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author describes a briquetting plant which is being successfully 
used at a Pittsburgh steel plant for pressing fine ores into 4 x 
4 x 4 in. briquettes suitable for charging into open-hearth furnaces. 
At the rear of the machine is a hopper for measuring the amount of 
ore for each batch. The ore passes from this into a power-driven 
mixer where a binder and the desired amount of moisture are 
added. The aggregate is then discharged into a storage bin, 
beneath which is a measuring device and a feeder-box. In the 
bottom of the latter are four openings, 4 x 4 in. in section, through 
which the charge drops into compression chambers. About 
2000 lb. per sq. in. pressure is applied by plungers moving up- 
wards. The briquettes weigh from 6 to 7 lb. each, and will pass 
through the slag layer into the molten steel without disintegrating. 
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Chromite and Magnesite Refractories. G. E. Seil. (American 
Ceramic Society: Refractories Journal, 1943, vol. 19, Feb., pp. 
39-41). After a brief review of the properties of chromite refrac- 
tories, the author describes the process of recovering magnesia 
from sea-water as practised at a plant in San Francisco Bay. 

An Investigation of the Permanent Expansion of Silica Products 
Containing Cristobalite. G. R. Rigby, A. E. Dodd, R. P. White 
and A. T. Green. (Transactions of the British Ceramic Society, 
1943, vol. 42, Feb., pp. 11-16). Although the thermal expansion 
of unused silica bricks from 20° to 1000° C. is usually completely 
reversible, it has been observed that heating of the grey zone of 
some silica bricks which have been used in the roofs of open-hearth 
furnaces causes permanent growth. Successive reheatings cause 
successively less growth. Parallel results have been observed with 
fired saggar mixes containing cristobalite derived from fused silica 
grog and silica bricks which have been heated at 1600° C. The 
permanent growth has been attributable to the cristobalite; it 
occurs between 200° and 500° C., which includes the inversion 
temperature range of cristobalite, is largely unaffected by the rate 
of heating, and is diminished by the application of external stress. 
The «—-> ® inversion of the cristobalite is thought to produce 
stresses tending towards expansion, which, in certain conditions of 
cristobalite crystal packing and elasticity of the matrix, can give 
rise to an irreversible growth. 

Refractory Materials in Blast Furnaces. G. R. Rigby and A. T. 
Green.» (Journal of the West of Scotland Iron and Steel Institute, 
1942-43, vol. 50, Part II., pp. 17-24). The authors discuss refrac- 
tory materials in blast-furnaces under the following headings : 
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(1) Causes of failure of the brickwork; (2) properties of bricks for 
blast-furnace linings; (3) conditions of operating blast-furnaces ; 
and (4) methods of protecting blast-furnace linings. In the throat 
region above the stock line, a dense brick resistant to abrasion is 
required. The alumina content of the stack structure should be 
over 30%, and the bricks should survive 100 hr. exposure to carbon 
monoxide at 450° C. without any disintegration. There is evidence 
supporting the view that in the bosh region an aluminous firebrick 
gives very good results. The hearth brickwork should have high 
refractoriness-under-load under reducing conditions, low after- 
contraction and good shape. In the hearth, carbon blocks are 
probably more satisfactory than any firebrick material. The 
maximum size of the burden should be controlled, and all fines 
should be sintered to reduce segregation of the burden. Water- 
cooling in the bosh region is almost essential, and with most furnaces 
this water-cooling can be extended with advantage throughout 
that portion of the stack lining where face temperatures are over 
400° C. 

Steel-Pouring Refractories in Foundry Practice. R. H. Stone, 
(Transactions of the American Foundrymen’s Association, 1943, 
vol. 50, Mar., pp. 804-813). The author discusses the design of, 
and material for, stoppers and nozzles in steel foundry ladles. A 
reasonable density and medium firing in the manufacture of sleeves 
give the necessary resistance to slag attack. The stopper is gener- 
ally made of harder material than the nozzle. For heats of 5 tons 
and up, special provision should be made for drying stopper-rod 
assemblies; an economical source of heat for the drying-oven is a 
box full of slag placed underneath it. The pin for fixing the stopper 
head to the rod should be of 0-10% max. carbon steel because of 
the high melting point of this grade. 
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The Elimination of Carryover under Steel Mill Operating Con- 
ditions. H. M. Rivers and W. P. Hill. (American Society of 
~_ Mechanical Engineers ; Blast Furnace and Steel Plant, 1942, vol. 30, 
Oct., pp. 1151-1154). ‘The authors describe measures taken at the 
boiler plant of the Bethlehem Steel Co. to deal with the excessive 
carry-over of boiler-water in the steam when increasing load was 
put on the boiler because of the higher production required from the 
works. Any increase in the oil/gas ratio in the fuel supplied to 
boilers fired with oil and blast-furnace gas increased the amount of 
heat absorbed in the furnace wall tubes, and the most severe surges 
of carry-over accompanied such changes in firing. The trouble 
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was cured by fitting larger solid baffles along almost the whole 
length of the drums, reaching from the top of the drum to several 
inches below water-level. This alteration was made to other 
boilers, and the steam purity remained consistently good except 
at very high ratings and abnormally high water-levels. There 
was a critical water-level which could not be exceeded without 
causing severe carry-over. 

The Origin and Composition of Coals. R. A. Mott. (Fuel in 
Science and Practice, 1942, vol. 21, Nov.-Dec., pp. 129-135; 
1943, vol. 22, Jan.-Feb., pp. 22-26). There has been lack of 
agreement in previous studies of the origin of coal seams, probably 
because geological studies have not taken into account information 
yielded by a study of the coal itself. The present paper is con- 
cerned with the mode of origin of coal seams and the mode of their 
development in composition. In the course of this study the 
author suggests how durains originated and developed, particularly 
in coals of low rank. 

The Physical Properties and Physical Structure of Coals. C. G. 
Cannon. (Journal of the Institute of Fuel, 1942, vol. 16, Dec., 
pp. 51-60). The author reviews investigations by the methods of 
modern physics (such as X-ray diffraction) of the optical properties 
of coals. It is shown that for coals, as for other mixtures, chemical 
constitution, density and refractive index are closely related. Sub- 
stances of different chemical constituents and structure give different 
shaped optical dispersion curves. The fact that coals of varying 
rank give parallel dispersion curves indicates that the structure of 
the refracting micelle changes very little with rank. This con- 
clusion is in agreement with the X-ray evidence for a graphite-like 
lattice, which also changes very little with rank. The increase of 
refractive index and density with rank indicates a closer packing 
of the micelle as the volatile matter decreases. Mahadevan, and 
Turner and Anderson, passed a monochromatic beam of X-rays 
through single chips or flakes of coal samples. Mahadevan found 
uniform intensity distribution round the haloes from bituminous 
particles, indicating random orientation of the diffracting particles ; 
while Turner and Anderson found intensity maxima on the haloes 
from anthracites, indicating preferred orientation. These X-ray 
results are in complete agreement with the observed optical isotropy 
of lower-rank coals and optical anisotropy of the anthracitie coals. — 
The refractive index and optical anisotropy might well form the 
eae for the correlation and classification of coals by structure and 
rank. 

Performance Tests Prove Pulverized Coal Practical and Economical 
for Small Forge Furnaces. R.B. Engdahl and F. E. Graves. (Heat 
Treating and Forging, 1942, vol. 28, Dec., pp. 623-626). The 
authors present data on tests on a furnace for small forgings which 
had been converted for firing with pulverised coal. Tables and 
curves of fuel consumption, rates of heating and output are given. 
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The time required to attain forging temperature was very little 
more than with oil fuel, and the fuel cost was much less. 

Pulverized Coal for Metallurgical Furnaces. R. B. Engdahl. 
(American Institute of Mining and Metallurgical Engineers: Iron 
Age, 1942, vol. 150, Dec. 31, pp. 27-31). The author describes appli- 
cations of pulverised-coal firmg to rotary melting furnaces and re- 
heating furnaces. Experimental work is being conducted with the 
burning of pulverised coal in radiant-tube heat-treatment furnaces, 
and the results so far are satisfactory; the flow of gases through 
the tube must be sufficiently rapid to sweep out any fine ash. 

The War Production Board’s Aid to Industry in Expediting 
Production of Coke and Pig Iron. S. Weiss. (Chicago District and 
Eastern States Blast Furnace and Coke Oven Associations: Blast 
Furnace and Steel Plant, 1942, vol. 30, Nov., pp. 1245-1247). 
The author explains the steps which have led up to the creation of 
the War Production Board in the United States in January, 1942, 
the expansion programme it has put before the iron and steel 
industry, some of the financial arrangements and the functions of 
23 Raw Materials Section of the Iron and Steel Branch of the 

oard. 

Better Coke for More Pig Iron Production. A. C. Fieldner. 
(Chicago District and Eastern States Blast Furnace and Coke Oven 
Associations: Blast Furnace and Steel Plant, 1942, vol. 30, Nov., 
pp. 1279-1281, 1306, 1307). The author explains the steps taken 
by the Bureau of Mines and the Office for the Solid Fuels Co- 
ordinator for War to appoint an Advisory Committee for Increasing 
Coke and Iron Production. Visits have already been made to 
several of the major producers of metallurgical coke. A list is 
given of the problems more or less common to most of the companies 
in producing the maximum amount of the best quality of coke for 
the maximum output of pig iron. The organisation for pooling 
knowledge on these problems and their solution is discussed. 

Carbonisation of Saar and Lorraine Coals. W. Gollmer. (Iron 
and Coal Trades Review, 1943, vol. 146, Mar. 12, pp. 393-395). An 
abridged English translation is presented of a paper which appeared 
nm Stahl und Eisen, 1942, vol. 62, Sept. 17, pp. 789-795. (See 

. 40 A). 
Z The Determination of the Composition of Blends of South African 
Coals Suitable for the Manufacture of Metallurgical Coke. L. A. 
Bushell. (Journal of the Chemical, Metallurgical and Mining Society 
of South Africa, 1942, vol. 43, Nov.-Dec., pp. 67-88). In South 
Africa the coking propensity of the coals is not nearly so well 
developed as in the coals of other countries, and the proportion of 
non-coking coal which can be used for blending is therefore not so 
high. A comprehensive account is given of the analysis of many 
South African coals and blends, of laboratory determinations of 
their swelling properties, and of box tests carried out in the coke- 


ovens at the Iscor Works. 
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Plan to Improve Blast Furnace Coke. W.T. Brown. (Chicago 
District and Eastern States Blast Furnace and Coke Associations : 
Blast Furnace and Steel Plant, 1942, vol. 30, Oct., pp. 1137-1145 ; 
Nov., pp. 1255-1263). The author surveys the geology and proper- 
ties of the low-volatile coking coals from the Pocahontas seams Nos. 
3, 4 and 5, and from the Beckley, Sewell and Lower Kittanning 
seams of Pennsylvania and Virginia. The results of expansion tests 
on these coals and on coal blends are discussed, and suggestions are 
made for suitable blends, with a view to conserving the best coking 
coals without detriment to the quality of the metallurgical coke 
produced. 

Blast Furnace Gas Conditioning. O. R. Rice. (Iron and Steel 
Engineer, 1942, vol. 19, Dec., pp. 66-89). The author surveys the 
methods of cleaning blast-furnace gas and applications of the cleaned 
gas. A table shows size analyses and chemical analyses of each 
size range of dust removed from blast-furnace gas in United States 
practice. Some boiler plants with water walls and continuous ash 
disposal are now satisfactorily burning gas direct from the secondary 
dust-catcher. A dust content of 0-10 grain max. per cu. ft., with 
the elimination of entrained water, is an adequate specification of 
cleanliness for boiler gas. There has been a tendency to demand 
fine-cleaned gas for blast-furnace stoves, but although fine-cleaned 
gas contains less dust, the proportion of free alkalis in the dust is 
much higher, and this has caused fusion, slagging and shrinkage of 
the top checkers. Gas from improved primary cleaners, dry, and 
with less than 0-10 grain of dust per cu. ft. can be used satisfactorily 
for soaking pits. Fine-cleaned gas with 0-01 grain, or less, per 
cu. ft. is a good specification for gas for heating coke-ovens. The 
advantages and disadvantages of hot-dry cleaning and of cold-wet 
cleaning are discussed, and dust-catchers, cyclone-cleaners, several 
types of washing-towers, electric precipitators and sludge-disposal 
plant are described. Data on the capital and operating costs of 
gas-cleaning plant are presented. 
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Southern Blast Furnace Will Serve Steel Furnaces and Foundries. 
(Blast Furnace and Steel Plant, 1942, vol. 30, Oct., pp. 1148-1149). 
Some particulars are given of a blast-furnace, construction of which 
was completed in May, 1942, for the Republic Steel Corporation 
in the Southern United States. The hearth is 23 ft. 6 in. in dia., 
the bosh is 28 ft. india. The blast-furnace gas is cleaned by passing 
it through a dust-catcher, a washer and two electric precipitators. 
The moisture is removed from the blast in an air-conditioning plant, 
A battery of 65 coke-ovens is under construction. 
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Republic’s New Blast Furnace is on Production. (Blast Furnace 
and Steel Plant, 1942, vol. 30, Nov., pp. 1283-1284). Some par- 
ticulars are given of a blast-furnace recently constructed at the 
Youngstown plant of the Republic Steel Corporation. It is to 
produce 1100 tons of pig iron per day. 

Bethlehem Relines and Enlarges Blast Furnace in Twenty-One 
Days. (Blast Furnace and Steel Plant, 1942, vol. 30, Dec., pp. 
1395-1396). Some particulars are given of the method employed 
at the Cambria Plant of the Bethlehem Steel Co. to reline and enlarge 
one of the blast furnaces. The hearth diameter was increased from 
21 ft. to 25 ft., the large bell diameter from 13 ft. 6 in. to 14 ft. 8 in. 
and the number of tuyéres from 12 to 16. The daily output is 
expected to be raised by 250 tons to 1200 tons of pig iron. 

Some Thoughts on the Production of Iron from Ore. R. Durrer. 
(Teknisk Tidskrift, 1942, vol. 72, Sept. 12, pp. 69-71). (In Swedish). 
The author discusses the advantages and disadvantages of reducing 
iron ores using the ordinary blast-furnace, a low-shaft electric 
furnace, a blast-furnace with oxygen-enriched blast, a rotary 
furnace, and Wiberg’s method of producing sponge iron by reduction 
with gas. In the low-shaft electric furnace a form of desulphur- 
isation occurs in the gas phase in which the sulphur is driven 
off as silicon sulphide. Swedish conditions favour the electric 
furnace because a much smaller quantity of carbon is required and 
there are no coking coals in Sweden. With oxygen-enriched blast 
the quantities of blast and of flue gas are less, and the gas is corre- 
spondingly richer in carbon monoxide, and therefore has a stronger 
reducing action; the indirect portion of the total reduction is 
greater, and the consumption of fuel is therefore less. On the other 
hand, the temperature drop in the burden is steeper with oxygen- 
enriched blast, and there is a critical oxygen content at which these 
opposing effects balance each other ; above this critical content the 
amount of indirect reduction decreases. In Sweden, where charcoal, 
a high value fuel, is used in the blast-furnace, enriching the blast 
with oxygen is advantageous only as long as it does not increase the 
fuel consumption. 

Smelting Iron Ores Electrically. H. Cowes. (Iron Age,” 1942, 
vol. 150, Dec. 3, pp. 41-44; Dec. 10, pp. 50-54). The author 
describes European practice in electric smelting, giving details of the 
furnace first put into operation at the Spigerwerk plant, Oslo, in 
1928, and of the improvements in design by I. Hole and by G. 
Tysland. The Tysland-Hole furnace is a low one with three 
electrodes and three charging shafts. The gas velocity is low, so 
that a large proportion of fine material can be smelted without loss. 
The temperature of the flue gas is only about 250° C., and arch 
maintenance costs are therefore very low. The raw materials do not 
need to have high physical strength because of the low charge height. 
The carbon used for reduction depends on the material available ; 
a 2 to 1 mixture of coke breeze and coke is suitable; charcoal, 
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lignite, pea coke and anthracite can also be used. About 8 ewt. 
of coke are required to produce 1 ton of pig iron. Statistics are 
given on the operation of four of these furnaces. : 

The Low-Temperature Gaseous Reduction of a Magnetite. M.C. 
Udy and C. H. Lorig. (American Institute of Mining and Metallur- 
gical Engineers, Technical Publication No. 1509: Metals Technology, 
1942, vol. 9, Oct.). The authors describe a laboratory study of the 
reduction of a magnetite concentrate with hydrogen, from which 
data were obtained on the effects of changes in bed depth, gas 
velocity, particle size and temperature. When hydrogen was 
passed through a heated bed of powdered magnetite the rate of 
oxygen removal was much less at the top of the bed than at the 
- bottom where the hydrogen entered; the increase in the water- 
vapour content of the hydrogen passing through the upper part of 
the bed was not of itself sufficient to account for the very much slower 
rate of reduction. Calculations were made which suggested that 
the rate of egress of water vapour from the interior of grains in a 
packed bed was less than for a loose thin bed. At relatively slow 
rates of hydrogen flow, the rate of reduction increased with increasing 
rate of flow until a critical rate of flow was reached above which no 
increase in the reaction rate occurred. No direct correlation was 
established between the particle size of the bed of magnetite and the 
rate of reduction. The percentage reduction after passing hydrogen 
for 20 min. at different temperatures in the 400-1000° C. range 
showed that this advanced rapidly at up to 600° C., but from 600° 
to 700° C. a sharp drop occurred, after which the reduction rate 
increased again less rapidly than at 400-600° C. The drop between 
600° and 700° C. was probably due to the sintering which took 
meee making it more difficult for the hydrogen to penetrate the 
bed. 

Methods of Improving Stock Distribution. C. M. Squarcy. 
(Blast Furnace and Steel Plant, 1942, vol. 30, Oct., pp. 1131-1136). 
The author describes an investigation at the blast-furnaces of the 
Inland Steel Co.; in which the distribution of ore, limestone and 
coke by the small revolving bell was studied. After each skip-load 
is dumped, the small bell hopper is automatically rotated through 
an angle which is a multiple of 60°; this multiple can be controlled 
by setting a selector. The setting to produce optimum furnace 
conditions with the desired sequence of skip charges was determined, 
and this was found to differ for different furnaces. 

_Efficiency and Consumption Tests with a Blast-Furnace-Gas- 
Driven Blowing Engine. M. Steffes. (Stahl und Eisen, 1943, vol. 
63, Feb. 11, pp. 105-109). The author discusses the improvements 
in design incorporated in the type DTG 14, 3000-h.p. gas engine, 
built by Maschinenfabrik Augsburg-Niirnberg, which uses blast- 
furnace gas for fuel. One of these engines was jnstalled in 1939 at 
one of the Arbed works to drive the blowers, and the results of some 
efficiency and consumption tests with it are given. 
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Some Electrical Supply Aspects of Ferro-Alloy Manufacture. 
H. A. Sieveking.. (Journal of the Institution of Electrical Engineers, 
1943, vol. 90, Feb., pp. 65-72). The author discusses the consump- 
tion of electricity in the manufacture of ferro-alloys. Some repre- 
sentative consumptions per ton of finished alloy are given, together 
with statistical information on the quantity of electrically manu- 
factured ferro-alloys over a period of years. This is followed by a 
description of the type of furnace used, its electrical equipment and 
details of the electrodes. The proportions of the total costs of 
producing typical ferro-alloys which are accounted for by the elec- 
tricity consumption are indicated. Itis pointed out that supplies of 
raw materials are as easily available in Great Britain as they are in 
the major producing countries, 7.e., Norway, Sweden and the 
United States. A comparison is made of the costs of producing 
electricity at steam-driven and at hydro-electric generating stations. 

Powder Metallurgy. W. D. Jones. (Chemistry and Industry, 
1943, vol. 62, Feb. 27, pp. 78-81). The author briefly describes how 
porous bronzes, hard metal tools, electrical contact points and Alnico 
magnets are made by the powder-metallurgy process. The example — 
of an oil-pump gear-wheel is cited as one for which the process is 
particularly advantageous. Processes of chemosorption are con- 
siderably influenced by temperature, and release of adsorbed gases 
together with those in solid solution may even lead to an expansion 
of the compact during heat treatment. At high temperatures 
considerable atomic movements bring into prominence the pheno- 
mena of diffusion which are responsible for the homogenisation of the 
polymetallic compacts as well as for the migration of atoms on the 
surfaces of particles under the influence of surface-tension forces 
which causes the increasing solidity of compacts with time while 
being heat-treated. Generally speaking, there is increased sintering 
activity during the recrystallisation brought about by heating. 

Developments in the Production of Hard Metals. H. Wolff. 
(Teknisk Tidskrift, 1941, vol.71, Dec. 27, pp. 549-551). (In Swedish). 
The author reviews the development of the manufacture of very 
hard alloys containing tungsten by the powder-metallurgy process. 
Recent developments in Sweden include a process for the mass 
production of milling-cutters, twist-drills and boring-bits by Aktie- 
bolag Hammarbylampan. In the pressing of cylindrical parts there 
ig more friction between the metal particles near the wall of the die 
than at the centre, with the result that the density of the pressing 
increases from the wall to the centre. In the new process, centri- 
fugal force is applied to compress the powder ; this ensures a very 
high and uniform density. 
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Make Machine Tool Castings in Highly Modern Foundry. P. 
Dwyer. (Foundry, 1942, vol. 70, Nov., pp. 66-68, 147-149). The 
author describes the plant and processes at the grey-iron foundry of 
the Cincinnati Milling Machine Co. At this plant, which is several 
acres in extent, there are four large cupolas working in pairs on 
alternate days. 

Meets Exacting Requirements for Machine Tool Castings. P. 
Dwyer. (Foundry, 1942, vol. 70, Dec., pp. 77-78, 161-163). The 
author concludes his description of the foundry of the Cincinnati 
Milling Machine Co. (See preceding abstract). 

The Use of Job Evaluation in the Application of Time Study. 
E. L. Berry and E. A. Berg. (Transactions of the American 
Foundrymen’s Association, 1943, vol. 50, Mar., pp. 845-851). The 
authors describe a wages policy for foundries which is based on a 
combination of (a) hourly base rates assessed in relation to skill 
and technique, and (b) an incentive plan. 

ArmaSteel—Its Manufacture, Control and Applications. C. F. 
Joseph. (Proceedings of the Institute of British Foundrymen, 
1941-42, vol. 35, pp. 37-53). The author describes the manufacture 
and properties of ArmaSteel at the Saginaw plant of General Motors 
Corporation. The name is made up from the critical point Ar and 
“Ma” for malleable. It is made from a white iron containing 
carbon 2-65%, silicon 1-:35%, manganese 0-40%, sulphur 0:13% 
and phosphorus 0-:05%. The metal is melted in a cupola and refined 
and superheated in an electric arc furnace. Castings are brought 
up to about 954° C., held for about 15 hr., cooled to 870° C. and then 
cooled in air or oil-quenched. The castings have excellent machining 
properties, high damping capacity, a high resistance to shock at low 
temperatures, a good response to flame-hardening and local harden- 
ing and a high fatigue strength. 

Report of the Subcommittee on Sintering Test, Foundry Sand 
Research Committee, 1941-1942. J. B. Caine. (Transactions of 
the American Foundrymen’s Association, 1948, vol. 50, Mar., pp. 
785-800). This paper is a progress report on the work of a sub- 
committee appointed by the American Foundrymen’s Association 
to study the standard sintering test for moulding sands, details of 
which were given in a previous paper. The results of some studies 
with the microscope of grains of Ohio sand at temperatures in the 
range from the “ A” point to the “B” point in the standard test 
(see p. 78 A) are presented. 

Seacoal and Fuel Oil in Molding Sand. E. C. Zirzow. (Trans- 
actions of the American Foundrymen’s Association, 1943, vol. 50, 
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Mar., pp. 878-890). The author discusses how additions of sea coal 
and/or fuel oil affect the properties of moulding sands. Sea coal 
prevents sand from sticking on to castings. If a casting is to be 
removed from the sand after it has cooled completely, the amount of 
sea coal required in the sand is less than if the casting is to be removed 
just after it has solidified. The weight, surface area and cross-section 
of the casting and the grain size of the sand all have to be taken into 
account when selecting a suitable sea coal. Oiling the pattern has 
resulted in smoother casting surfaces, so that adding fuel oil to 
sand systems has been tried with the same successful results; the 
amount added varies between 1 quart and 3 gal. per 800 lb. of sand. 
The most efficient method of adding the oil to the sand system is to 
make a constant addition at the pug-mill immediately after the 
final addition of moisture. 

A Sand Control Program in a Mechanized Malleable Foundry. 
D. F. Sawtelle. (Transactions of the American Foundrymen’s 
Association, 1943, vol. 50, Mar., pp. 830-843). The author describes 
the methods of sand control adopted at the foundry of the Malleable 
Iron Fittings Co., Branford, a general description of which was 
recently published by P. Dwyer (see p. 45 4). 

Lumber for the Patternmaker and Foundryman—Its Grades, 
Characteristics and the Effect of External Factors. E. T. Kindt. 
(Transactions of the American Foundrymen’s Association, 1943, 
vol. 50, Mar., pp. 861-874). The author discusses the properties 
of northern white pine (pinus strobus), Idaho white pine (pinus 
monticola) and sugar pine (pinus lambertiana), the seasoning of 
timber for pattern-making, storage of timber at foundries and 
methods of measuring the humidity of the atmosphere. 

Core and Mould Coatings. J.A.Ridderhof. (American Foundry- 
men’s Association : Canadian Metals and Metallurgical Industries, 
1942, vol. 5, Nov., pp. 327-331). The author discusses the prepara- 
tion, application and advantages of facings for cores and sand 
moulds. Of the carbonaceous materials used in facings, graphite 
is the most effective. With suitable binders, liquids such as alcohol, 
carbon tetrachloride, petrol and lacquer can be used as the vehicle ; 
these facings will dry in a few hours without being put into a drying 
oven. 

The Drying Out of Synthetic Sands. N. J. Dunbeck. (Trans- 
actions of the American Foundrymen’s Association, 1943, vol. 50, 
Mar., pp. 937-949). The author reports on an investigation of the 
effect of adding agents such as lithium chloride, zine chloride, 
ethylene glycol, dextrine and fuel oil to naturally-bonded and 
synthetic moulding sands in order to reduce the rate at which the 
sand loses moisture. All these agents reduce the rate of drying-out 
of synthetic sands, and. a comparatively small reduction is of appreci- 
able benefit. Naturally-bonded sands lose more moisture in & 
given time, but the loss expressed as a percentage 1s lower than for 
synthetic sands, owing to the higher quantity originally present. 


200 A FOUNDRY PRACTICE. 


Fuel oil did not appreciably reduce the rate of drying in the experi- 
mental work, but the practice is of value in the foundry. 

Coal Stokers for Core Ovens. A. Roberts, jun. (Foundry, 1942, 
vol. 70, Dec., pp. 75, 160). A brief description is given of the con- 
version of coal-fired core-drying ovens from manual to automatic 
stoking. : 

The Cause of Bleeding in Ferrous Castings. C. A. Zapffe. 
(American Institute of Mining and Metallurgical Engineers, Techni- 
cal Publication No. 1515: Metals Technology, 1942, vol. 9, Oct.). 
The author discusses the causes of the ‘“ bleeding’ of ferrous ingots 
and castings. By bleeding is meant the rising of metal caused by 
reactions other than the carbon-oxygen reaction. Much evidence is 
submitted to show that the evolution of hydrogen is the primary 
cause. of bleeding. The addition of nickel suppresses bleeding, 
whilst chromium increases it. Hydrogen alone, however, cannot 
form a bubble, so that another agent is necessary; that agent is 
probably the product of a hydrogen-oxygen reaction in most cases, 
but there may be other reaction products or foreign materials in the 
melt. Austenitic steels are less liable to bleed than ferritic steels, 
as the former have a higher hydrogen solubility. In certain ex- 
ceptional cases, nitrogen itself may cause porosity and bleeding when 
present in excess ; the necessary concentrations (probably >0-035%) 
are obtained only with difficulty, and usually result from additions 
of solid nitrides, e.g., when adding high-nitrogen ferro-chromium 
for grain refinement. Under such conditions the nitrogen can be 
stabilised by adding a nitride-forming element such as titanium. 

Studies on Center-Line Shrinkage in Steel Castings. S. W. Brin- 
sonandJ.A.Duma. (Transactions of the American Foundrymen’s 
Association, 1943, vol. 50, Mar., pp. 657-710). The authors report 
the results of several series of tests on a method of preventing porosity 
in steel castings. This method, which is known as “ padding,” 
consists of making the casting walls thicker than required, the extra 
metal tapering down in thickness from the feeder-heads to the 
bottom of the mould. The surplus metal has to be machined off 
afterwards. It is claimed that the absence of shrinkage defects and 
repairs more than compensates for the machining costs. The tests 
described were intended to determine the degree of taper required 
for different thicknesses and heights of finished wall, the effect of 
casting plates with the mould lying at different angles and the in- 
fluence of other factors in the moulding practice. Inclining the 
mould at various angles does not alter the extent of the shrinkage, 
but it changes its form and location ; the nearer a section approaches 
the horizontal, the more is the shrinkage displaced towards the top 
or cope surface. The use of sufficient feeder metal in the form of 
large truncated open risers is inadequate in preventing centre-line 
shrinkage. The amount of padding required to eliminate shrinkage 
defects is a function of the height and thickness of the section. For 
sections 12 in. high the amount varies inversely with the thickness, 
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from 2-60 in. per ft. on 1-in. thick sections to 0-15 in. per ft. on 4-in. 
thick sections. Sections of the same height but thicker than 4} in. 
require no padding. 

Some Effects of Phosphorus on Cast Iron. M. Fielden. (Iron 
and Steel, 1943, vol. 16, Feb., pp. 214-217). The author discusses 
how increasing the phosphorus in cast iron affects its structure and 
properties. The replacing of an iron containing 0-3% of phosphorus 
for pressure-resistant castings with one containing 1% demands 
almost a new foundry technique. In normal grey irons, phosphorus 
is present mainly in a binary eutectic formation containing 
about 10% of phosphorus, this binary eutectic resulting from the 
breakdown of a ternary eutectic of iron, cementite and iron 
phosphide. It is generally found in practice that relatively high 
silicon is required to balance high phosphorus if chill-centres are to 
be avoided. Increasing the phosphorus extends the freezing range, 
a condition which results in porous defects. On account of the high 
carbon content of cast iron, only a small proportion of the phosphide 
is likely to be present in solution. Roughness on castings, especially 
on parts remote from the gate, has been traced to the phenomenon 
of phosphide “ sweat.” A sample of sweat-beads with sand entrained 
in them was tested, and 54% of the bulk could be removed with a 
magnet. The globules were rich in phosphorus, had more total 
carbon than the average content for the casting, and had a high 
proportion of carbon in the combined form ; the silicon, sulphur 
and manganese were lower than in the mass of the casting. 

Theory of Shrinkage in Gray CastIron. G.A.Timmons. (Ameri- 
can Foundrymen’s Association : Foundry, 1942, vol. 70, Dec., pp. 
83, 166-170). The author explains the occurrence of shrinkage 
porosity in the solidification of grey cast iron. Considering a pool 
of molten iron trapped within a solid mass, when the liquid tem- 
perature is reached, the dendrites of austenite start to precipitate 
from the mother-liquor, and a slight contraction in volume takes 
place; these dendrites become intermingled, and build up a lattice 
within the liquid ; as the contraction due to the change from liquid 
to solid continues, the level of the liquid iron is lowered and the 
dendrites at the top of the original pool are exposed and the unfilled 
spaces between them become voids. With a large volume of trapped 
metal, a low-melting-point eutectic, a low surface tension and a slow 
rate of cooling, larger dendrites will be formed and the larger will 
be the shrinkage voids. 

Factors Influencing the Fluidity of Cast Iron. G. Burgess. 

_(Institute of British Foundrymen : Foundry Trade Journal, 1943, 
vol. 69, Mar. 11, pp. 197-203). The author discusses how tempera- 
ture, composition, oxide skin and viscosity affect the fluidity of cast 
iron, as well as some results of cast spiral fluidity tests. For a 
given composition, increasing the temperature increases the fluidity, 
but increasing the total carbon will more than counteract the effect 
of higher temperatures. With a soft iron with 3-9% of total carbon 
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the fluidity is at a minimum when the furnace attains maximum 
temperature at the beginning of the day’s run. As the volume of 
slag in the furnace increases, the amounts of total and graphitic 
carbon become less and the fluidity increases. High-silicon, high- 
phosphorus irons have maximum fluidity with fairly low total 
carbon, ¢.g., about 3-4°%. Low-phosphorus hematite irons with 
silicon plus phosphorus at about 1:5% have maximum fluidity with 
about 3-85°% of total carbon. The evidence supports the theory that 
maximum fluidity is attained at eutectic carbon composition. 
Increasing the silicon increases fluidity to the point when eutectic 
carbon composition is reached, but adding still more silicon would 
probably decrease the fluidity, because it would cause an increase 
in the graphite carbon. In conclusion, some tests made by casting 
small spirals with three different kinds of iron are described, the 
results confirming the author’s theories. 

Bakelite Plastics and Sealing Solutions—Reclaiming Porous 
Castings. W.Bowman. (Institute of British Foundrymen: Foun- 
dry Trade Journal, 1943, vol. 69, Feb. 18, p. 135). The author 
briefly describes two methods by which the pores in faulty castings 
can be sealed with bakelite solutions V.1845 and N.2106. In the 
first, for small castings, the sealing solution is forced into the casting 
by external pressure; the casting is placed in a strong container 
from which the air can be evacuated, the sealing solution is allowed 
to run in from a storage vessel until the castings are covered, after 
which pressure is exerted for a convenient time; the solution is 
thus squeezed into the body walls of the casting, filling the pores. 
After removal from the container, the casting is baked. In the case 
of large hollow castings, an example may be taken of one having 
several outlets. All but one of these apertures are closed, and the 
remaining one is used as a port for filling the casting with the sealing 
solution. The casting may be either trimmed or untrimmed, as 
final machining can be carried out after sealing. When the hollow 
casting is filled with the solution, air pressure is applied at the open 
port, so that the solution is forced from the interior into the pores 
of the metal. Pressure from 50 to 250 lb. per sq. in. can be applied. 
If any porosity exists, sweating will occur on the outside surface of 


the casting. After complete impregnation, the casting is baked to 
polymerise the bakelite. 
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Producing Gun and Armour Steel. D. O. Davis. (American 
Society for Metals: Canadian Metals and Metallurgical Industries, 
1942, vol. 5, Nov., pp. 322-327). The author gives a brief descrip- 
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tion of the plant and operations at Dominion Foundries and Steel 
Ltd., Hamilton, Ontario. The principal divisions of the plant are 
the melting shop, steel foundry, gun shop, hot and cold mills, tin- 
plate department and armour-plate division. 

Steel-Making Expansion in South Africa. (Engineer, 1943, 
vol. 175, Feb. 19, pp. 157-159). A description is given of the Iscor 
Works of the South African Iron and Steel Industrial Corporation 
at Pretoria, where important extensions are being built. A third 
blast-furnace to produce 600 tons of iron per day is in course of 
erection; in conjunction with this there will be a new coke-oven 
battery and extensions to the existing by-product plant. Additions 
are being made to the steel-melting plant, embracing two 25-ton 
acid Bessemer converters, a 750-ton inactive mixer and two addi- 
tional 110-ton cranes. All this plant will take up almost the whole 
of the site at Pretoria. In view of the manner in which the indus- 
trial development in South Africa is bound to increase, the Cor- 
poration has purchased a site about 6 miles from the river Vaal 
and the same distance from Vereeniging. A complete new steel- 
works is to be built on this site. It has already been decided to 
proceed in the first instance with the construction of a heavy plate- 
mill and such works services as are required for its operation. 

Bessemer Converter can be Used to Control the Price of Scrap. 
J. O. Griggs. (Blast Furnace and Steel Plant, 1942, vol. 30, Oct., 
pp. 1123-1125, 1130). The author discusses the advantages of 
using the Bessemer converter in conjunction with tilting open- 
hearth furnaces for steel-making. Among these is the ability to 
use low-grade scrap in the blast-furnace rather than in the steel 
furnace. 

How Can the Laws of Statics be Applied to the Design and De- 
velopment of Furnace Roofs? G. Neumann. (Archiv fiir das 
Fisenhiittenwesen, 1942,-vol. 15, Apr., pp. 437-445). The necessity 
of investigations relating to the design of furnace arches is made 
clear. Systematic observations and measurements of the behaviour 
of arches under prolonged heat as well as while heating up and 
cooling down are necessary. The application of the laws of statics 
to an arch not carrying a load is discussed in this paper. The 
determination of the line of force is shown with numerous examples. 
A line of force forming the arc of a circle is unsuitable for open- 
hearth furnace roofs. The only furnace arch design which is 
statically correct for an unloaded furnace arch is one such that the 
centres of gravity of the bricks form an_inverted catenary curve. 
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Production of Anchors and Anchor Chain. (Machinery, 1943, 
vol. 62, Mar. 18, pp. 288-293). Descriptions are given of the 
methods of making stockless anchors and stud link anchor chain at 
the works of the Baldt Anchor Chain & Forge Co., Chester, U.S.A. 
Each stud link is made up of two forged half links forged together. 

The Heating of Wire While It Is Being Drawn. E. Siebel and 
R. Kobitzsch. (Mitteilungen aus dem Vierjahresplan-Institut fiir 
Werkstofforschung: Stahl und Eisen, 1943, vol. 63, Feb. 11, 
pp. 110-113). In this mathematical treatise the authors develop 
formule for calculating the rise in the temperature of wire due to 
friction and to deformation while it is being drawn, as well as for 
the temperature distribution across the wire in the die and at 
different distances beyond it. 

Temperature and Energy Conditions when Drawing through 
Multiple Dies. W. Lueg. (Stahl und Eisen, 1943, vol. 63, Feb. 11, 
pp. 113-114). The author discusses the changes in the temperature 
of a wire and the power consumed when obtaining a given reduc- 
tion by drawing through a single die and when drawing through a 
series of dies. Tests were made by reducing mild-steel rods from 
11-6 mm. to 10 mm. in dia. Assuming the force required to obtain 
this reduction in a single drawing to be 100 units, the force required 
for the same reduction through two dies (with exit diameters of 
10-5 and 10 mm. respectively) was 116 units, and with three dies 
(exit diameters of 11-0, 10-5 and 10-0 mm. respectively) 138 units 
were required. If the most important factor is to reduce the 
maximum temperature of the wire, multiple dies should be used, but 
if the temperature is not so important as the power consumption, 
then drawing in a single die is to be preferred. 

Cemented Carbide for the Wire Industry. I. Die Development and 
Manufacture. II. Manufacturing Process Described. H. Berry. 
(Wire Industry, 1943, vol. 10, Jan., pp. 33-35; Feb., pp. 75-77, 
81; Mar., pp. 125-127). The author points out the limitations of 
diamonds for wire-drawing dies, discusses German research on 
cemented carbide dies and describes in detail the cold-pressing 
method of making tungsten-carbide dies. This process may be 
divided into eight phases, as follows: (1) Selection of the raw 
materials ; (2) preparation of the tungsten carbide; (3) mixing and 
grading the constituents with a suitable bond in a ball mill; (4) 
addition and mixing of a suitable lubricant to produce the required 
consistency ; (5) pressing to shape in prepared moulds; (6) pre- 
sintering; (7) shaping; and (8) final sintering. The properties 
and general characteristics of tungsten carbide are discussed. 
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Salt Bath Temperature Control. (Steel, 1942, vol. 111, Dec. 28, 
p. 60). A description, together with a wiring diagram, is given of 
a fully automatic temperature control and recording system for 
use on a gas- or oil-fired salt-bath heat-treatment installation. 

Temperature Measuring Instruments. A. Linford. (Engineering 
and Boiler House Review, 1943, vol. 57, Feb., pp. 34-37, 52). 
Continuation of a series of articles (see p. 131 4). In this part the 
author explains the theory of radiation pyrometers as used with 
the eye and with photo-electric recording apparatus ; factors 
eae the accuracy of the temperature measurements are dis- 
cussed. 

British Standard Code for Temperature Measurement. (British 
Standards Institution, No. 1041-1943). This temperature-measure- 
ment code is issued for the convenience of engineers responsible for 
the control and testing of heat-using plant. The first section is, 
in effect, a condensed version of the whole, and is intended as an 
introduction to the problem of temperature measurement for 
engineers without special training in this branch of physical science. 
Part I., Sections B, C and D, are intended to assist in the selection 
of the method of temperature measurement. Parts II. to V. set 
out in detail the construction and use of instruments for each of 
the fundamental thermometric systems. Part VI. deals with the 
electrical instruments employed. Parts VII. to XII. are to a 
great extent incomplete, and are only a sketch of the survey of 
thermometric problems encountered in industry. Finally, Part 
XIII., which deals with calibration, is largely based on the methods 
used at the National Physical Laboratory. 
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(Continued from pp. 162 A-164 A) 


High-Temperature Forced-Convection Furnaces. F. P. Peters 
(Metals and Alloys, 1942, vol. 16, Oct., pp. 639-643). It is known 
that heat transfer by radiation becomes more efficient with increas- 
ing temperature, and this has limited the use of forced convection 
furnaces to lower temperatures. However, improved designs and 
materials have made it possible to apply forced convection to high- 
temperature heat-treatment furnaces, some of which, and their 

erformance, are described by the author. The uniform dis- 
tribution of heat and the economy in floor space for a given pro- 
duction with this type of furnace are its principal advantages. Its 
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application for heat-treating gun forgings, tubular aircraft parts, 
large ring gears and tools is described. 

Forced Convection Heat-Treating Furnace. L. H. Remiker. 
(Heat Treating and Forging, 1942, vol. 28, Dec., pp. 643-644). 
The author describes a vertical cylindrical heat-treatment furnace 
supplied for heating by gas, oil or electricity, and fitted with a 
fan for forced circulation of the gases. A high rate of heating 
with the heat uniformly distributed throughout the charge is the 
principal advantage claimed. Special fixtures are used for certain 
parts, such as similar gun forgings, and the parts are easily moved 
in the same fixture for the hardening, quenching and tempering 
operations. 

Wartime Metallurgy Conserves Strategic Materials. R. EH. Orton 
and-W. F. Carter. (Machine Design, 1942, vol. 14, Dec., pp. 91-95). 
The authors show how to apply Davenport’s S-curves to the study 
of the hardenability of steels, and point out that, by using these 
curves, it can frequently be seen that a carbon steel can be used 
to give sufficient core hardness where an alloy steel was previously 
specified. 

Diffusion Rate of Carbon in Iron-Carbon Alloys. RK. Smolu- 
chowski. (Physical Review, 1942, vol. 62, Second Series, Dec. 1 
and 15, pp. 539-544). The author studied the effect of additions 
of cobalt on the rate of the diffusion of carbon in y-iron. The 
experimental technique was that of welding together two rods, one 
with, the other without carbon, and analysing the layers parallel 
to the interface after an appropriate heat treatment. From the 
analytical data the coefficients and activation energies of diffusion 
were calculated. The results show that cobalt greatly accelerates 
the diffusion. Thus an addition of 4% of cobalt decreases the 
activation energy from 32,500 cal. to 30,000 cal., which, with a 
carbon concentration of 1 atomic-%, corresponds to an almost 
twofold increase in the diffusion rate. With higher carbon con- 
tents the effect of cobalt is less marked. The author thinks that 
the increase in the rate of diffusion of carbon brought about by 
cobalt is the cause of the effect of this element on the y—« trans- 
formation, and of the increase in the depth of decarburisation of 
iron-cobalt alloys with increasing cobalt contents. 

The Case-Hardening of Steel. (Machinery, 1943, vol. 62, Feb. 11, 
pp. 152-156). The mechanism of the case-hardening of steel is 
discussed, and details of the case-hardening and tempering treat- 
ment for a number of British Standard steels are given, together 
with the procedure for copper plating parts for selective hardening. 
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(Continued from pp. 164 a-168 a) 


Weld Forging—An Aid to Production. J.Winning. (Mechanical 
World, 1943, vol. 113, Feb. 12, pp. 159-162). The author dis- 
cusses the advantages of weld-forging, which consists of forging 
relatively simple components in the orthodox manner and assembling 
the various parts by means of welding, using special jigs for the 
latter operation where necessary. This technique exploits the 
advantages of both forging and welding and eliminates the use of 
elaborate dies. \ Some examples of components made in this manner 
are described. 

Welding Wrought Iron. (Iron Age, 1942, vol. 150, Dec. 17, 
pp. 60-61). The techniques for the manual oxy-acetylene and 
electric welding of different thicknesses of wrought iron are described 
and some suitable electrodes are recommended. 

Making Alloy Steel by Arc Welding. J. A. Neumann. (Steel, 
1943, vol. 112, Jan. 11, pp. 74-80). The author considers the arc- 
welding process as a practically instantaneous method of producing 
alloy steel, and explains the functions of the current, the electrode 
core and the coating in this process. Information is given on the 
effects of different amounts of alloying elements in the weld metal, 
and the form in which these elements are incorporated in the elec- 
trode coating. The reclamation of tools by the method is dealt 
with. 

A Quick Method of Comparing Weldability of Substitute Steels. 
A. B. Kinzel. (Welding Journal, 1942, vol. 21, June, pp. 286-S— 
287-8). The author describes a procedure for ascertaining the 
weldability of a substitute steel in place of a standard steel for a 
particular welded joint. The steps to be taken are: (1) Section 
the joint made in the standard steel and determine the maximum 
hardness of the heat-affected zone, preferably by the Vickers 
method. (2) Run a Jominy end-quench test on the standard steel 
after heating to 1700° F. and determine the distance from the 
end at which the hardness is the same as that found in (1). (3) Heat 
three strips of the standard steel to 2100° F., cool one in still air, one 
in an air blast and one in oil; the bar width should be 1} times the 
thickness; after heat treatment, measure the hardness of the bars, 
cut a standard notch across one face of each, bend, and measure 
the angles; interpolate for the angle corresponding to the hardness 
determined in (1); an index of ductility and. weldability is thus 
obtained concerning the heat-affected zone. (4) Run a Jominy 
test on the substitute steel as in (2) and determine the hardness 
at the same distance from the end as in (2); this gives the hardness 
to be expected in the welding operation. (5) Prepare two or three 
bars of the new steel in exactly the same way as for the standard 
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steel in (3) and submit them to the same bond tests. Interpolate 
to find the angle of bend corresponding to the hardness determined 
in (4). A comparison of this angle with that found in (3) gives 
the relative weldability of the two steels for the specific conditions 
pertaining to the joint selected in (1). ; 

A Quick Cheap Way of Making High-Speed Steel Tipped Tools. 
C. B. Ericson. (Welding Journal, 1942, vol. 21, Dec., pp. 834-835). 
The author: describes a simple technique for welding discarded 
high-speed steel tools to carbon-steel shanks. The tip is clamped 
in position on the shank and tack-welded at one spot. The top 
and sides of the tip are then carefully heated up with an oxy- 
acetylene torch adjusted with excess acetylene. The head of the 
torch is held some distance away at first, and the tip is heated up 
slowly to 1400-1700° F., keeping the shank 300-400° F. cooler. 
The welding is then performed quickly, using a medium-coated 
low-carbon electrode with a lower amperage than is usual. With- 
out allowing the welded end of the tool to cool down, it is placed 
in a hardening furnace or a forge fire, or heated with the torch, up 
to 2300° F.; it is then cooled in a blast of air, or quenched in oil. 

Welded Demolition Bombs. J. J. Target. (Metals and Alloys, 
1942, vol. 16, Oct., pp. 634-638). The author gives details of the 
manufacture of large bomb casings by welding. The casing is 
rolled into a cylindrical shape from a steel plate; the longitudinal 
seam is automatically welded, after which the casing is shaped to 
its final form by forging the nose and tail. Heat treatment is 
then applied, and this is followed by shot-blasting, machining, 
inspection and painting. 

Welding Armor Plate for Combat Tanks. E. Brooker and L. L. 
Elliot. (Iron Age, 1943, vol. 151, Jan. 14, pp. 23-27). The authors 
describe tests on welded and on riveted plates forming the hulls of 
army tanks. These demonstrate the superior resistance, the saving 
in weight, and economy in labour and machine tools achieved by 
welded joints. 

Report on a Preliminary Investigation of the Welding of Cast 
Iron. W. J. Driscoll. (Transactions of the Institute of Welding, 
1942, vol. 5, Oct., pp. 164-173). The author presents and discusses 
the results reported by five different investigators of the properties 
of welded test-plates, 9 x 5 x 0-5 in., of an ordinary engineering grey 
cast iron. The plates were cut in half, divided into sets of five and 
butt-welded, the welding conditions being different for each set. Of 
the bars welded with a cast-iron rod, only the most unsound welds 
showed a slightly increased tendency, as compared with quite sound 
welds, to fracture in the transverse test through the weld metal 
itself. There seemed to be little relation between soundness and 
the degree of preheating. In all plates welded by the oxy-acetylene 
method, no difficulty whatever was experienced in machining. 

The Welding of Cast Iron: A Review. J. G. Pearce. (Trans- 
actions of the Institute of Welding, 1942, vol. 5, Oct., pp. 156-163). 
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The author reviews methods of welding cast iron, pointing out in 
particular the relative merits of bronze welding and fusion welding 
with a ferrous filler rod. 

The Quality of Weld Metal and of Welded Joints. E. Helin. 
(Jernkontorets Annaler, 1942, vol. 126, No. 11, pp. 527-548). (In 
Swedish). The author discusses the quality of the weld metal 
deposited by electrodes of different composition with different 
coatings. The formation of snowflakes in weld metal is due to 
atomic hydrogen dissolved in the steel, not to bubbles of molecular 
hydrogen; the atomic hydrogen can be removed by heat treat- 
ment at about 230° C. The presence of oxygen changes the pro- 
portions of hydrogen in the molecular and atomic states by increas- 
ing the former, and it is thus a deterrent to the formation of snow- 
flakes. Longitudinal cracks often occur in fillet welds if the com- 
position of the parent metal is unsuitable; in rimming steel such 
cracks occur if the carbon content exceeds 0-25-0-30%. In silicon- 
killed steel the danger of cracking is very marked when the carbon 
plus silicon content exceeds 0-20%. 

Effects of Cooling Rate on the Properties of Arc-Welded Joints 
in Carbon-Moly 0-50 Plate. W.F. Hess. (Welding Journal, 1942, 
vol. 21, Dec., pp. 608-S-619-S). The author describes an investi- 
gation of the effects of different cooling rates on the tensile strength, 
elongation and hardness of welded joints in specimens of -in. 
plate of steel containing carbon 0-18%, manganese 0-699 and 
molybdenum 0-46%. Time-temperature curves were obtained by 
means of thermocouples welded to the bottom of small holes in the 
specimens. The conclusions reached were: (1) The superimposing 
of cooling curves corresponding to actual welding conditions on 
the S-curve for a given steel provides an excellent indication of 
the satisfactoriness of a given set of welding conditions from the 
standpoint of the effect on the heat-affected zone. (2) In trying to 
improve the quality of this zone it is possible to apply so high a 
current that the properties of the weld metal are adversely affected. 
(3) If slow cooling is required, better properties in the weld metal 
will be obtained by reducing the speed of travel than by increasing 
the power level. (4) If still further reduction in cooling rate is 
required than can be obtained by reduction in travel speed or by 
increasing the current, preheating the plate will achieve this with- 
out sacrifice of weld quality. (5) Preheating is particularly effective 
in producing improved quality in the heat-affected zone of those 
steels which tend to transform only upon cooling below temper- 
atures of the order of 1000° F. (6) In establishing welding con- 
ditions for different thicknesses on any given material, the portion 
of the cooling curve through the transformation range for the 
particular material should be duplicated. sal 4 
~~ How to Cut Heavy Steel Sections. R. B. Aitchison. (Welding 
Journal, 1942, vol. 21, June, pp. 395-398). The author makes 
recommendations to operators of the oxy-acetylene cutting torch 
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and the oxygen lance for the cutting of heavy thicknesses of 
steel. 

Gas Cutting in Steel Mills. S. D. Baumer. (Welding Journal, 
1942, vol. 21, Dec., pp. 836-838). The author gives brief descrip- 
tions of cutting up ladle skulls and piercing blast-furnace bears 
with the oxygen lance, and of scarfing and nicking steel billets and 
cutting slabs into billets with the machine- and hand-operated oxy- 
acetylene cutting tool. 

War Speeds Propane Cutting Progress. G.E.Stedman. (Steel, 
1942, vol. 111, Dec. 14, pp. 80-82, 118). The author gives some 
particulars of the propane supply system for cutting up scrap and 
cutting off sprues and risers at the works of the Dodge Steel Co., 
near Philadelphia. Under the conditions at this plant propane 
cutting has economic advantages as compared with acetylene. 
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Manufacture of Aircraft Gears. P. W. Brown and E. V. Farrar. 
(American Gear Manufacturers’ Association: Iron Age, 1942, vol. 
150, Dec. 24, pp. 29-34). The authors discuss some of the diffi- 
culties encountered in the design, machining and heat treatment of 
aero-engine gear wheels of complicated section. 

Precision Machining of Large Heavy Forgings at Titusville Forge 
Company. (Heat Treating and Forging, 1942, vol. 28, Nov., 
pp. 577-580). A brief illustrated description is given of the machine 
shop of the Titusville Forge Co., where the boring and turning of 
large ships’ propeller shafts are carried out. 

Proper Grinding and Inspection of Tool Steels. J. E. Erb. 
(Iron Age, 1943, vol. 73, Jan. 9, pp. 28-32). The author discusses 
the causes of cracks and defects in tool steels and shows how high- 
carbon tool steel can be softened, but not cracked, by grinding. 
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Calculation of the Tensile Strength of Normalised Steels from 
Chemical Composition. F. M. Walters, jun. (American Institute 
of Mining and Metallurgical Engineers, Technical Publication No. 
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1532 : Metals Technology, 1942, vol. 9, Oct.). The author describes 
an attempt to assess the influence of alloying elements on the 
tensile strength of normalised steels. The results of tensile tests 
on a series of unalloyed steels with increasing carbon contents and 
on a series of nickel steels with increasing nickel contents are given, 
and a proposal for calculating factors for different elements is made, 
these factors showing the relationship between the content of the 
element and the tensile strength of the steel. Carbon, manganese, 
silicon, phosphorus, nickel and copper are uniform in their 
behaviour, but elements such as molybdenum, chromium, titanium, 
and vanadium do not always show the maximum effect of which 
they are capable. Aluminium and sulphur appear to have no 
direct effect on the tensile strength, although it may be assumed 
that high sulphur decreases the effect of manganese. This factor 
method for calculating the tensile strength of normalised steels 
appears to account for the combined effect of alloying elements, 
but its application is restricted to steels the hardenability 
of which is so low that little or no martensite is formed on 
normalising. 

Tests Reveal Stress Raiser Effects. G. Sachs and J. D. Lubahn. 
(American Society for Metals: Machine Design, 1942, vol. 14, 
Dec., pp. 104-107, 190). The authors studied the effect of notches 
on the tensile strength of specimens of low-nickel and low-chromium- 
nickel steel containing 0:-40% of carbon. The specimens were heat- 
treated, and notches were cut with an included angle of 60°, remov- 
ing from 2% to 90% of the cross-section area. The maximum 
load divided by the original cross-section area yields a value corre- 
sponding to the ultimate strength of an unnotched specimen; this 
average strength is designated as “ notch strength.” The “ notch 
ductility ’ is defined as the reduction in area of the section at the 
notch after failure. This paper has appeared previously in pre- 
print form (see p. 95 A). ; 

The Reduction in the Stress in Steel Bolts under Load at High 
Temperatures. K.,. Wellinger and EH. Keil. (Archiv fiir das Hisen- 
hiittenwesen, 1942, vol. 15, Apr., pp. 475-478). The authors describe 
an apparatus, similar to that used for creep-testing, with which 
they obtained time-stress curves for bolts and nuts of low chromium. 
nickel-molybdenum steel and of plain carbon steel at 500° C. The 
apparatus was designed so that the load was automatically decreased 
when any increase in length took place above that due to tightening 
the nuts at the beginning of the test. The values of the residual 
stress in bolts after 24 hr. annealing at 500° C. showed that the 
material of which the nuts were made and the type of screw-thread 
were much more important factors than the stress In the shank and 
the mechanical properties of the bolt material. age 

The Physical Properties of Steel Wire as Affected by Variations 
in the Drawing Operations. H. J. Godfrey. (American Society 
for Testing Materials: Wire and Wire Products, 1942, vol. 17, 
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Dec., pp. 704-710). The author describes an investigation of the 
properties of a 0-67%-carbon steel wire drawn to 0°218 in., 
patented and then drawn with 40%, 30%, 20% and 10% reduction 
per draft, and of a 0-27%-carbon steel wire drawn from a 0°220-in. 
patented rod with 40%, 30% and 20% reduction per draft. The 
physical tests, which included tension, torsion, bending and bending- 
fatigue tests, were made at different stages of drawing from the 
patented condition to 97% reduction. The tensile strength and 
bending properties were changed considerably by the method of 
drawing. The lower rates of drafting resulted in improved bend- 
ing properties and lower tensile strength. The physical properties 
of the 0-67°%-carbon steel were affected to a greater extent by the 
rate of drafting than was the 0-27%-carbon steel. In general, the 
elongation and reduction of area in the tensile tests were improved 
by a low rate of drafting; the fatigue properties were affected in 
the same manner by the rate of drafting. The best combination 
of strength, ductility, toughness and fatigue properties was attained 
after drafting with 75% to 80% reduction. 

The Full-Annealing of Medium- and High-Carbon Cold-Rolled 
Steel Strip in the Continuous Furnace. A. Pomp and G. Niebch. 
(Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir Eisenforschung, 
1942, vol. 24, No. 16, pp. 235-241). The results obtained on anneal- 
ing cold-rolled strip in a continuous furnace when the strip did not 
have time to attain the furnace temperature have been reported 
previously (see Journ. I. and 8.I., 1941, No. II., p. 11 4). Im the 
present investigation the speed of the strip moving through the 
furnace was such that it reached and was held at the furnace tem- 
perature for varying lengths of time. Strips 40 x 1 mm. in section 
of three steels, containing carbon 0-60%, 0-83% and 1-02% respec- 
tively, were used. Thermocouples were welded on, and these 
passed through the heating, holding and cooling zones. The 
properties of continuously annealed strip and batch-annealed coils 
were compared. After treatment at 650° C. there was no marked 
falling off in the strength of 10%-reduced cold-rolled strip. After 
treatment at 700° C. continuously and batch-annealed strip had 
practically the same properties. The degree of cold-reduction 
affected the mechanical properties after annealing. Marked 
decreases in the tensile strength and elastic limit occurred on 
annealing 20%-reduced strip. There was a fairly uniform decrease 
in the elastic limit and no change in the tensile strength and elonga- 
tion on increasing the holding time; in this respect the 10°%- 
reduced strip was more affected than the strip with greater degrees 
of reduction. The decrease in the elastic limit was greater with 
increasing carbon content. Cooling more slowly had practically 
the same effect as prolonging the holding time. 

Calculated Hardenability and Weldability of Carbon and Low- 
Alloy Steels. C. E. Jackson and G. G. Luther. (American Insti- 
tute of Mining and Metallurgical Engineers, Technical Publication 
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No. 1519: Metals Technology, 1942, vol. 9, Oct.). The authors 
report the results of hardness surveys across sections of welded 
specimens of 25 plain carbon and low-alloy steels, the latter con- 
taining nickel and nickel plus chromium. M. A. Grossmann’s 
method was used to calculate the hardenability (see Journ. I. and 
S.1., 1942, No. II., p. 219 a), and the hardenability data were 
related to the maximum hardness readings and the results of slow- 
bend tests on notched welded specimens. The relationship between 
the calculated hardenability and the weld ductility was not as 
regular as that between the calculated hardenability and the 
maximum hardness. 

The Effect of the Grain Size on the Weldability of Steel St 52. 
W. Hilender, H. Arend and R. Hacklinder. (Archiv fiir das 
Kisenhiittenwesen, 1942, vol. 18, Mar., pp. 419-422). The authors 
investigated the effect of the austenite and ferrite-pearlite grain 
size of the parent metal on the structure and hardness of the heat- 
affected zone of steel St 52 welded in the as-rolled and in the normal- 
ised state. In the as-rolled state there was no relation between the 
y and « grain sizes. The transition zone next to the weld became 
narrower as the y and « grain sizes decreased. The width of the 
heat-affected zone also became less with increasing fineness of the 
« grains, but there was no relation between this and the y grain 
size. 

Electro-Magnetic Crack Detection in Welded Tubular Structures. 
(Engineer, 1943, vol. 175, Feb. 26, pp. 178-179). Particulars are 
given of equipment developed by Reynolds Tube Co., Ltd., for 
detecting cracks in welded tubular structures by the magnetic 
powder method. The apparatus has been designed to be fool- 
proof, so that it can be used by quite inexperienced. operators. 

The Bending Fatigue Strength of Alloy Steel Forgings in the 
Transverse and Longitudinal Directions. G. von Réssing. (Archiv 
fiir das Eisenhiittenwesen, 1942, vol. 18, Mar., pp. 407-412). The 
author reports the results of an investigation of the mechanical 
properties of forgings of five low-alloy chromium-nickel-molyb- 
denum steels using specimens cut with and across the grain from : 
(a) The rim and core of oil-hardened bars forged down from a 
large ingot; (b) oil-hardened specimens turned from a smaller 
forging than (a); (c) a drop-forged connecting rod; (d) a forged 
crank-shaft. ‘Tables are given showing the tensile properties and 
the impact and fatigue strengths. In tests (6) a high ratio (over 
0:50) of fatigue strength to tensile strength was noted. In the 
other test series this ratio was 0-36 to 0-47 for longitudinal speci- 
mens and 0-30 to 0:38 for transverse specimens. In the some- 
what similar series (a) and (d) the difference between these two 
ratios was also about 20-30%. In test series (a) and (6) the differ- 
ence between fatigue strengths of longitudinal and transverse speci- 
mens from the core is not so great as that between specimens 


from the rim. 
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The Effect on the Endurance Limit of Submerging Resistance- 
Welded Fatigue Specimens in a Cold Chamber. O. H. Henry and 
P. L. Calamari. (Welding Journal, 1942, vol. 21, June, pp. 291-S— | 
292-8). The present investigation is an extension of that reported 
by O. H. Henry and T. D. Coyne (see Journ. I. and 8.1., 1942, 
No. II., p. 218 A). Data are presented on the relation between the 
temperature and the endurance limit of butt-welded specimens of 
a 0:25%-carbon steel at temperatures in the + 20° C. to — 70° C. 
range. The endurance limit of both the plate metal and the welds 
showed a marked increase as the temperature was lowered; the 
largest increase occurring in the — 20° C. to — 40° C. range. 

Hardenability Testing of Low-Carbon Steels. R. C. Frerichs 
and E. 8. Rowland. (Engineering Inspection, 1942, vol. 7, No. 4, 
pp. 4-11, 38). The authors present and discuss data obtained in 
the testing, by the following hardenability tests, of four carburising 
grades of low-alloy chromium-nickel-molybdenum steels containing 
about 0:20% of carbon: (a) Cylinders of several sizes quenched 
both on tongs and in a submerged water spray; (0) the Jominy 
end-quench test on carburised specimens; (c) the Jominy test on 
uncarburised specimens; (d) the L bar end-quench test; (e) the 
bomb method; and (f) the tapered cylinder test. It was apparent 
from the results obtained that the choice of the method of testing 
the carburising grades of steel is dependent on so many factors 
that each laboratory must make its own selection. The decision 
depends, as often as not, on the amount of testing to be done and 
the speed with which accurate results must be obtained. 

Determining the Hardness of Martensite and Austenite with the 
Micro-Hardness Tester. H. Hanemann. (Archiv fiir das Eisen- 
hiittenwesen, 1942, vol. 18, Mar., pp. 403-406). The author 
describes the construction of a special diamond pyramid hardness _ 
tester with which it was possible to measure impressions with a 
width of the order of the wave-length of light. The diamond 
pyramid was so finely ground that square impressions with a side 
of 1 micron could be made. With this instrument hardness tests 
were made of the austenite and martensite in carefully prepared. 
specimens of 1-69°%%-carbon steel hardened by quenching in brine 
from 1125° C. and tempered at temperatures in the 100-650° C. 
range. At tempering temperatures of 200° C. and up, finely divided 
grey needles, difficult to distinguish, formed; at 250° C. these were 
so numerous that hardness determinations of the remaining austenite 
could no longer be made. The final transformation of the austenite 
thus occurs as a partial recrystallisation. Above 250° C. tempering 
temperature, the hardness was the same at the positions which were 
previously austenite as at those which were martensite. In the 
austenite itself the hardness was the same both close to and at a 
distance from the martensite; this confirms the theory that the 
martensite forms without any diffusion of carbon in the austenite. 
After several hours’ tempering at 100-150° C., the hardness of the 
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martensite rose to more than 1100, whilst that of the austenite 
was only slightly changed; thus the transformation of the tetra- 
gonal to the cubic martensite is accompanied by a marked increase 
in hardness. After tempering at 250° C., the hardness of the 
martensite fell to 750, but that of the austenite decomposition 
products rose to the same figure, so that this treatment gave the 
steel mechanically uniform properties with an increase in hard- 
ness. Increasing the tempering temperature from 250° C. caused 
a steady decrease in the hardness. 

Wear in the Sliding Friction of Metals with Special Reference to 
the Effect of Temperature. W.Radeker. (Archiv fiir das Hisenhiit- 
tenwesen 1942, vol. 15, Apr., pp. 453-466). The author reports on 
an investigation of the wear of metals in sliding friction using an 
apparatus which permitted heat to be applied to or withdrawn 
from the specimens during the test. The temperature range investi- 
gated was from — 190° to + 700° C. Rubbing speeds of 1:8 and 
9-5 m. per sec. were used. The metals tested included steels with 
carbon in the 0-04-0-73% range, cast iron, stainless chromium and 
chromium-nickel steels, and high-manganese steels. With most of 
the steels the wear at first decreased with increasing temperature, 
but later the wear increased. Three types of wear were observed 
which were accompanied by: (a) Flaking and scale formation ; 
(b) removal of fused layers ; and (c) the formation of oxides. With 
(a) the wear was heavy owing to the reaction between the surfaces 
in contact; the heat of friction or the application of external heat 
decreased the wear considerably. For (b) to occur, a high tem- 
perature at the surface layers either by friction or from an external 
source, or from a high rubbing speed, was necessary. When the 
pressure was sufficient to break down the oxide film, the rate of wear 
was high. The third form of wear required high temperatures and 
a slight deformation of the contact surfaces. The change from one 
form of wear to another was gradual. Data are presented showing 
the relationships between temperature, wear, load and rubbing speed. 

Modern Permanent-Magnet Materials. H. Nathorst. (Jern- 
kontorets Annaler, 1942, vol. 126, No. 10, pp. 47 1-525). (In 
Swedish). After an explanation of the terms used in the measure- 
ment of magnetic properties, the author reviews the literature and 
patents up to March, 1942, on modern permanent-magnet materials, 
dealing in turn with: (a) The influence of the properties on the 
design of magnets; (5) the theory of the nature of magnetism ; 
(c) martensitic steel for magnets ; (d) precipitation-hardened 
aluminium-nickel magnetic steels; (¢) the casting of magnets of 
Alni steel; (f) various precipitation-hardened magnets ; (g) how 
the new permanent-magnet materials are applied; and (h) the 
patents. The bibliography contains 74 references which are 
classified under the above headings. 48 

Effects of Ladle Inoculation on an Austenitic Cast Tron. J ‘ Ds 
Eash. (Transactions of the American Foundrymen’s Association, 
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1943, vol. 50, Mar., pp. 815-828). In an investigation of the 
effects of ladle inoculation on austenitic cast iron containing nickel 
14%, copper 6% and chromium 2%, it was found that the trans- 
verse and tensile properties of heats containing 2-25% of carbon 
were markedly improved by ladle additions of ferro-silicon, whereas 
with high carbon contents only moderate improvements were 
obtained. The Izod impact value of all grades was improved by 
inoculation with silicon. Austenitic nickel-copper-chromium cast 
irons made with steel in the charge had superior properties, and 
were improved to a greater extent by inoculation than were castings 
made from cast-iron scrap. Dendritic graphite and carbide struc- 
tures were associated with poor mechanical properties. Inoculated 
heats had carbides distributed at random and flake graphite. 

A Study of the Embrittling Effect of Zinc upon Stainless Steel. 
O. H. Henry and R. W. Schroeder. (Welding Journal, 1942, vol. 
21, June, pp. 287-S—290-S). The authors describe investigations 
of the penetration of molten zinc and Tobin bronze (copper 60%, 
zinc 39%, tin 1%) into 18/8 stainless steel and 12°%-chromium steel, 
this question having arisen because of the marked embrittlement 
observed in welded joints on galvanised steel. The following con- 
clusions were reached: (1) The above two steels in the cold-rolled 
state are subject to intergranular penetration by certain non-ferrous 
metals and alloys in the molten or gaseous state. (2) Zinc is more 
active than Tobin bronze in penetrating into 12°%-chromium steel 
and 18/8 steel. (3) The depth of penetration depends mainly on the 
temperature. (4) If no external forces are applied, and internal 
cold-rolling stresses are the only stresses present, penetration will 
stop when these stresses have been relieved. (5) With 18/8 steel, 
the penetration seems to be intergranular only, whereas with 12%- 
chromium steel it is mainly intergranular with penetration into the 
individual grains, 

Weldable Vanadium-Bearing Steels of High Strength. H. 
Cornelius. (Transactions of the Institute of Welding, 1942, vol. 5, 
Oct., pp. 177-180). _An English translation is presented of a paper 
which appeared in Stahl und Eisen, 1940, vol. 60, Aug. 1, pp. 684— 
687 (see Journ. I. and 8.I., 1941, No. IL., p. 95 4). 

The Effect of Manganese and Silicon on the Amount of Carbon 
Dissolved in Annealed Iron. C. Benedicks. (Jernkontorets Annaler, 
1942, vol. 126, No. 9, pp. 379-426). (In Swedish). The author 
discusses the ferronite theory on the basis of determinations of the 
electrical resistivity of specimens of annealed steel containing from 
0-02% to 144% of carbon, as well as the influence of the manganese 
and silicon contents on the resistivity. If the total carbon in iron 
is high (above about 0-5%) the separated ferrite crystals contain a 
higher percentage of carbon than when the total carbon is low; this 
carbon in solution enables the ferrite to hold a certain quantity 


of y-iron in solution as well; this form of ferrite is known as 
“ ferronite.”’ : 
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After correcting the accepted resistivity values of steel for the 
effects of manganese and silicon, the resistivity o increased steadily 
with the total carbon content. The corrected resistivity o) was 
particularly sensitive to the carbon equivalent of the manganese plus 
silicon. This suggests that the effect of manganese plus silicon is 
twofold, namely, that it has the well-known direct effect on the 
resistivity of pure iron, and that it has a hitherto unknown indirect 
effect, that of increasing the resistivity caused by the increased 
amount of carbon in solution in the ferrite. The resistivity curves 
indicate that the total carbon contents of 0-5%, 1:0% and 15% 
correspond to 0-:07%, 0:15% and 0-22% of carbon dissolved in the 
ferrite. The resistivity does not depend only on what is dissolved in 
the iron, but also on elements dissolved in the intergranular material. 
The conclusion is reached that ferronite consists of «-iron holding in 
solution some y-iron and saturated with about 0-25% of carbon. 
Annealed carbon steels can thus be divided into the two groups, 
ferritic and ferronitic, the dividing line between them being at 
about 0-5% of carbon. 

The Effect of Manganese and Silicon on the Homogeneity of 
Hardened Carbon Steel. C. Benedicks. (Jernkontorets Annaler, 
1942, vol. 126, No. 9, pp. 427-432). (In Swedish). As an extension 
to the investigation reported in the preceding abstract the author 
studied the effect of the manganese plus silicon content on hardened 
carbon steel. The deviation from the linear relation between the 
resistivity and the carbon content of low-carbon steels observed by 
Enlund is markedly decreased by increasing the manganese plus 
silicon content. When the carbon equivalent of the manganese 
plus silicon attains about 0-40%, the deviation almost completely 
disappears; this means that the distribution of carbon in the 
martensite can be regarded as homogeneous as soon as the above 
value of 0-40% is reached. This finding confirms the conclusion in 
the previous paper that the presence of manganese and silicon 
considerably increases the amount of carbon homogeneously dis- 
solved in the iron and supplies the reason for the additions of man- 
ganese and silicon in spring steel. ote 

Determination of the Increase in the Electrical Resistivity of 
Carbon Steel Caused by Precipitated Carbide ; Evaluation of the 
Resistivity of the Carbide Itself. C. Benedicks. (Jernkontorets 
Annaler, 1942, vol. 126, No. 9, pp. 433-446). (In Swedish). From 
curves derived from many electrical-resistivity determinations the 
author calculates that every 1% increase of carbon in the cementite 
increases the resistivity by 0-7 micro-ohms per cm. and that of the 
ferronite (14-3 micro-ohms per cm.) by 1-2 micro-ohms. Applying 
Lichtenecker’s law, the resistivity of cementite is found to be 24:7 
micro-ohms percm. ‘The high values for the resistivity of cementite 
given in the literature are found to be due to the etfect of the man- 
ganese plus silicon content, and, after correction for this, are in good 
agreement with the present author’s finding. ‘The diagram proposed 
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by Amberg in 1920, far from opposing the existence of ferronite, is 
now found to be in complete agreement with the ferronite theory. 

The Effect of Low Nickel Contents on the Properties of High- 
Strength Weldable Chromium-Manganese Steel Plates. W. Hilender, 
H. Arend and E. Schmidtmann. (Archiv fiir das Eisenhiittenwesen, 
1942, vol. 15, Apr., pp. 473-474). A high-strength weldable chrom- 
ium-manganese steel has already been developed as a substitute 
for chromium-molybdenum steel (see Journ. I. and 8.1., 1941, No. 
II., p. 95.4). As nickel-bearing scrap is often used in the making 
of the former steel, the authors investigated the effects of from 
0-15% to 0:-42% of nickel in this steel on the tensile and impact 
strengths, its deep-drawing properties and its tendency to crack 
and to increase in hardness on welding. Specimens from six heats 
of steel containing carbon 0-15-0:31%, manganese 1-29-1-45%, 
chromium 0-80-0-:93% and nickel 0-15-0:-42% were tested. The- 
nickel did not improve the mechanical properties. In the fine- 
grained state the steel can still be considered as a good high-strength 
weldable steel, but in the coarse-grained state it has a strong ten- 
dency to increase in hardness and to form cracks on welding. 

The Effect of Phosphorus on the Growth of Cast Iron. M. N. 
Dastur and M. Cohen. (Transactions of the American Foundry- 
men’s Association, 1943, vol. 50, Mar., pp. 895-917). The authors 
report on an investigation of the effect of phosphorus on the growth 
of cast iron on heating. Specimens were prepared from four cast 
irons containing phosphorus 0:067%, 0:13%, 0:53% and 0-94% 
respectively, one containing chromium and another chromium and 
molybdenum. ‘Ten forms of heat treatment were devised, some at 
1250° F. and others at 1500° F., and the changes in the specific volume 
of the specimens were determined by weighing in air and in water. 
The conclusions reached were: (1) Increasing the phosphorus 
decreases the growth, but 0-5% of chromium is more effective than 
1% of phosphorus ; adding 0:5% of molybdenum to the chromium 
does not further improve the growth resistance; (2) growth at 
1250° F. is practically the same whether the heating is continuous or 
repeated ; (3) the growth at 1500° F. is appreciably greater than 
that at 1250° F., and repeated heating at 1500° F. causes more 
growth than constant heating at 1500° F. ; and (4) growth at 1250° F. 
in air is only slightly greater than in lead, but at 1500° F. in air it is 
very much greater than in lead. 

Effect of the Tempering Temperature on the Mechanical Pro- 
perties of Molybdenum-Free Heat-Treatable Steels. A. Krisch and 
W. Puzicha. (Mitteilungen aus dem Kaiser-Wilhelm-Institut fiir 
Hisenforschung, 1942, vol. 24, No. 18, pp. 249-276). The authors 
report the results of hardness, tensile and impact tests on twelve 
low-alloy steels after various forms of heat treatment, the object 
being to establish the tempering temperatures which would result in 
the best mechanical properties. The twelve steels comprised two 
chromium-nickel steels with 0-43% and 0-56% of carbon respectively, 
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three manganese steels, one manganese-silicon steel, one chromium 
steel, one manganese-chromium steel, two chromium-vanadium 
steels, one manganese-vanadium steel and one manganese-chromium- 
vanadium steel. Specimens were cut from 60-mm. dia. bars, some 
in the longitudinal and some in the transverse direction. The 
results are given in extensive tables and many series of graphs. 

User Report No. 6 on Experience with NE (National Emergency) 
Alloy Steels. A.S. Jameson. (Steel, 1942, vol. 111, Dec. 21, pp. 
70-72, 107-108). The author reports the results of hardenability, 
hardness and tensile tests on specimens of the NE-8000 series of 
low-alloy steels which are often used for cold-heading and making 
into bolts and studs. 

User Report No. 7 on Experience with NE (National Emergency) 
Alloy Steels. S. L. Widrig. (Steel, 1943, vol. 112, Jan. 11, pp. 
60-62). The author describes the system of testing gear steels 
developed by the Spicer Manufacturing Co. This consists of an 
automatic gear-changing machine which makes about 19 changes 
permin. Gears made of the National Emergency steels after various 
forms of heat treatment were tested until failure of teeth occurred. 
So far steels NE-8600 and NE-8700 have proved to be most satis- 
factory for heavy-duty transmission. 

The National Emergency Steels. ©. M. Parker. (Metals and 
Alloys, 1942, vol. 16, Oct., pp. 622-629). The author discusses the 
development and properties of the NE-8000 series of the National 
Emergency steels; this series covers the molybdenum and the 
nickel-chromium-molybdenum steels. 

NE (National Emergency) Alloy Steels. A.S. Jameson. (Steel, 
1942, vol. 111, Dec. 7, pp. 112-118). The author gives details of 
the experience gained by the International Harvester Co., in the 
use of steel NE-8720 (carbon 0-18-0-23%, manganese 0-70-0:90%, 
nickel 0-40-0:60%, chromium 0-40-0-60% and molybdenum 0-20- 
0:30%) to replace steel E-4620 (carbon 0-17—0-22%, manganese 
0-45-0-65%, nickel 1-65-2-00%, no chromium and molybdenum 
0-20-0:30%) in the manufacture of roller bearings. 
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Investigations of the Structure of Steel with the Electron Micro- 
scope. H. Bennek, O. Riidiger, F. Stablein and K. E. Volk. 
(Archiv fiir das Hisenhtittenwesen, 1942, vol. 18, Mar., pp. 431— 
436). The authors present and discuss the results obtained using 
an electron microscope to examine the structure of steel specimens 
with different carbon contents. Stripping films were prepared by 
three methods, the aluminium vapour technique, the resin process 
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and the iron oxide process. Very good results suitable for metallo- 
graphic investigations were obtained by the first two methods, but 
the iron oxide film was unsatisfactory owing to the interference of. 
the iron in the film. A comparison of pictures from an aluminium 
film in the electron microscope with a colloid film in the optical 
microscope revealed that in the former the pearlite lamelle did not 
appear to be so broad or to lie so obliquely as in the latter. It is 
thought that this difference is due to the difference in the depth of 
etching. The aluminium film is also probably a cleaner and more 
exact replica of the surface from which it is taken than is a colloid 
film. 

The Electron Microscope. C.J. Burton, R. B. Barnes and T. G. 
Rochow. (Industrial and Engineering Chemistry, Industrial Edi- 
tion, 1942, vol. 34, Dec., pp. 1429-1436). The authors discuss the 
possibilities of calibrating electron microscopes. 

New Methods for Preparing Surface Replicas for Microscopic 
Observation. V. J. Schaefer. (Physical Review, 1942, vol. 62, 
Second Series, Nov. 1 and 15, pp. 495-496). The author describes 
three different methods for stripping surface “ replica films ” without 
immersion of the specimens in water, so that even on sensitive 
metallic specimens no corrosion products can be formed. 

A Method of Etching Intended for the Identification of Lead in 
Microstructures of Free-Cutting Steel Alloyed with Lead, i.e., ‘ Led- 
loy.”> A. von Vegesack. (Jernkontorets Annaler, 1942, vol. 126, 
No. 12, pp. 559-567). (In Swedish). The author describes a 
method of etching lead-bearing steel which enables the form and 
distribution of the lead to be studied. The reagent is prepared by 
adding 2-1 parts by volume of nitric acid (sp. gr. 1-40) to 98-99 
parts of absolute alcohol, with an excess of crystallised potassium 
iodide. A flaky precipitate is formed which is filtered off with the 
excess potassium iodide. This filtrate forms the reagent which is 
applied to the polished surface for 10-30 sec. The etched surface 
is carefully washed with alcohol and dried in a stream of hot air; 
it is extremely sensitive, and must not be touched with the fingers, 
cotton wool or filter paper. Under the microscope in a dark field 
the lead particles show up as light yellow and are easily distinguished 
from other inclusions. In order to produce micrographs showing 
the yellow particles without resorting to colour photography, an 
ordinary half-tone micrograph is placed beside the microscope which 
is focussed on the original specimen, and the spots appearing yellow 
on the specimen are coloured yellow by hand on the micrograph. 
A comparison of a polished unetched area with the same area after 
etching as described shows that the lead inclusions are not sub- 
microscopic, and that they are much larger after etching, so that the 
formation of lead iodide is associated with a marked increase in 
volume. The lead content of a steel cannot therefore be determined 
planimetrically using this method of etching. The elongated form 
of the lead inclusions after cold-rolling the steel as well as the coagula- 
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tion of the particles after annealing at temperatures above the melting 
point of lead can be seen in the micrographs which are reproduced. 

The Electrolytic Polishing of Metals for Microscopical Investi- 
gations. L. von Hémos. (Jernkontorets Annaler, 1942, vol. 126, 
No. 12, pp. 568-590). (In Swedish). After reviewing the theory 
of Jacquet’s electrolytic method of polishing, the author describes 
an apparatus and procedure, which he developed after many experi- 
ments, for preparing absolutely stress-free surfaces on steel specimens 
for X-ray investigations as well as modifications of the process for 
stainless steel, copper, brass, aluminium and white metal. The 
effects of the following factors on the results obtained are discussed : 
(a) Composition of the specimen; (0) condition of the surface ; 
(c) composition of the cathode and its distance from the specimen ; 
(d) composition of the electrolyte ; (¢) temperature of the electrolyte ; 
(f) movement of the electrolyte; (g) viscosity of the electrolyte ; 
(h) changes in current density ; (7) protection of the edges ; and (k) 
time of treatment. 

New School of Radiography. (Iron and Steel, 1943, vol. 16, 
Feb., pp. 230-232). An illustrated description is given of the new 
school of radiography in the Kodak factory which was officially 
opened on January 6, 1943. It includes accommodation for lectures, 
X-ray work, film processing, optical experiments and viewing. In 
order that adequate individual attention can be given, classes are 
limited to six students who normally take a fortnight’s course. 

Graphitisation of Steel Influenced by Tessellated Stresses. F. 
Ldszl6. (Iron and Steel Institute, 1943, this Journal, Section I). 
The author has previously discussed the formation of self-compen- 
sated stress systems, called “ tessellated stresses,” in compound 
solids (see this Journal, Section I.). In the present paper the author 
applies the inferences there drawn to a study of the observations of 
Professor N. Greenwood on the graphitisation of steel wire, and 
finds that they support the theory that the graphite is precipitated 
from the ferrite matrix and is not a product of the direct decomposi- 
tion of cementite. 

The Magnetic Structure of Iron Crystals. W. W. Elmore. 
(Physical Review, 1942, vol. 62, Second Series, Nov. 1 and 15, 
pp. 486-493). The author describes a microscope and magnet 
assembly used for producing and observing powder patterns, the 
patterns being formed by colloidal magnetite protected by soap. 
A number of patterns found on demagnetised strain-free silicon-iron 
crystals of known orientation are illustrated and discussed. The 
specimens were cut from strips of transformer steel in which fairly 
large crystals had been grown by the strain-annealing method. A 
magnetic field of only 10 oersted applied normal to the specimens 
was sufficient to produce patterns. On account of the large demag- 
netisation factor of the specimens, the patterns can be considered to 
be characteristic of the demagnetised state. The patterns indicate 
layer magnetisation with alternate layers magnetised in opposite 
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directions, the thickness of the layers ranging from 10 to 504. 
Superimposed on this primary layer magnetisation is a finer second- 
ary structure, which is presumably localised near the crystal surface 
and attributable to dendritic regions of reversed magnetisation. 

One-Phase or Two-Phase Conditions in the System Fe-Ni ; 
Theories of Meteoric Iron and Invar. C. Benedicks. (Arkiv for 
Matematik, Astronomi och Fysik, 1942, vol. 28 4, No. 14). It is 
shown from a review of X-ray investigations of the iron-nickel 
system that there are two phases present in Invar and in meteoric 
iron, and that the higher the degree of impurity the greater is the 
mutual solubility of the two phases; this is in agreement with the 
theory that increasing the manganese plus silicon content increases 
the solubility of carbon in iron. 

On the Expansion Hysteresis of Invar. C. Benedicks and P. 
Sederholm. (Arkiv for Matematik, Astronomi och Fysik, 1942, 
vol. 29a, No. 6). New dilatation determinations of Invar are 
presented which confirm the existence of hysteresis. 

The Constitutional Diagram of Chromium- and Chromium- 
Manganese Steels Containing Nitrogen. H. Krainer and O. Mirt. 
(Archiv fiir das Eisenhiittenwesen, 1942, vol. 15, Apr., pp. 467— 
472). A ferro-chromium low in carbon was treated with ammonia 
at a temperature in the 700-900° C. range to impregnate it with 
nitrogen, and this alloy was added to a bath of chromium steel to 
produce a steel containing chromium and nitrogen in the proportion 
of 75 to 1. Specimens of 17 iron-chromium-nitrogen alloys were 
subjected to dilatometric, magnetic, microscopical and X-ray 
investigations. From the data obtained a section through the 
iron corner of the iron-chromium-nitrogen constitutional diagram, 
with chromium and nitrogen in the above proportion, was con- 
structed. The nitrogen considerably extended both the y-phase 
and the y-« miscibility gap. With the nitrogen contents used, it 
required at least 30° of chromium to produce a purely ferritic 
structure. Similar tests, with the addition of hardness and impact 
tests, were made on specimens of 35 steels containing 10-35% of 
chromium, 2—23°% of manganese and 0-11-0-44% of nitrogen. The 
phase boundaries for chromium-manganese-nitrogen steels in the 
quenched state and after annealing at 700° C. are shown in two 
diagrams. Nitrogen widens the stable austenitic region and moves 
the limit at which the brittle c-phase appears towards higher 
chromium content. 

The Ternary Iron-Zirconium-Sulphur System. R. Vogel and 
A. Hartung. (Archiv fiir das Eisenhiittenwesen, 1942, vol. 18, Mar., 
pp. 413-418). From the results of thermal, chemical and micro- 
structural investigations the authors constructed the constitutional 
diagram of the Fe—FeS-ZrS,-Fe,Zr system. In the liquid phase 
there is a large miscibility gap. Zirconium sulphide (ZrS,) was 
produced synthetically, and its melting point was found to be about 
1550° C. ‘The diagram for the FeS-ZrS, system was developed. 
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Corrosion of Metals and Alloys by Flue Gases. L. Shnidman and 
J. S. Yeaw. (Industrial and Engineering Chemistry, Industrial 
Edition, 1942, vol. 34, Dec., pp. 1436-1444). The authors report 
on two series of corrosion tests on strip samples exposed to flue gases 
in specially designed combustion chambers, drawings of which are 
reproduced. In the first series of tests samples of black steel sheet, 
18/8 steel and a number of non-ferrous metals and alloys were exposed 
for short periods to five different combustion gases, the analyses of 
which are given. ~ All specimens, except those of 18/8 steel (which 
remained practically unaffected for a year), showed signs of attack 
immediately on exposure, and corrosion continued more or less 
rapidly throughout the test period, the black steel specimens suffer- 
ing the most severe attack. In the second test series purified town 
gas was used to produce the fuel-gas atmosphere, and thirteen 
chromium and chromium-nickel steels were exposed for two years. 
It was found that none of the chromium-nickel steels was appreci- 
ably attacked in one year, and only a few were affected in several 
more months of continued exposure. After about 18 months, how- 
ever, all but three of the twenty-two samples originally exposed had 
succumbed to the effects of the gases. The attack suddenly became 
so severe that perforation of some of the strips occurred within a 
few months of the first signs of attack. A steel specimen containing 
17% of chromium and no nickel was the first of the second series to 
be attacked (after less than a year). Increasing the chromium 
content to 27% delayed the initial attack, but did not prevent sub- 
sequent severe corrosion. The susceptibility to attack of specimens of 
various ordinary 18/8 steels varied greatly, depending on their origin 
and pretreatment. A specimen of molybdenum-bearing 18/8 steel 
withstood the attack during the whole testing period, whilst addi- 
tions of titanium and columbium did not prove effective. Speci- 
mens of 25/12 chromium-nickel steel showed relatively little sensi- 
tivity to the effects of the flue gas. If the nickel content was 
increased to 20%, however, the rate of attack became markedly 
increased. The actual corrosion of the alloy steels studied in the 
‘second series of tests was preceded by staining. This was followed 
by localised pitting, which continued to be so severe during the 
subsequent spreading of the general corrosion that some of the strips 
were perforated during the two years’ exposure. Based on the 
results obtained, a table is presented indicating the expected life of 
numerous ferrous and non-ferrous alloys when exposed to flue gases. 

The Desirability of Removing Sulphur from Gaseous Fuels for 
Heating Ferrous Metals. A. Preece. (Iron and Steel Institute, 
1943, this Journal, Section I). The results obtained in a general 
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study of the high-temperature oxidation of steels are considered 
with special reference to the harmful effects of the sulphur content 
of the furnace atmosphere. There is an important difference in 
the mechanism of scale formation when the furnace temperature 
exceeds approximately 900° C.; thus, in dealing with industrial 
heating operations, two temperature ranges have to be considered. 
The results have also shown how the harmful effects of the sulphur 
dioxide are influenced by the composition of the steel and the 
furnace atmosphere. The advantages which result from partial 
removal of the sulphur from the fuel and the working conditions 
necessary for the full realisation of these advantages are indicated. 

The Detection of the Susceptibility of 18-8 Steel Castings to 
Intergranular Corrosion. H. W. Russell, H. A. Pray and P. D. 
Miller. (Transactions of the American Foundrymen’s Association, 
1943, vol. 50, Mar., pp. 918-930). The authors describe a rapid, 
simple, electrolytic test for determining the susceptibility of 18/8 
stainless steel to intergranular corrosion. The apparatus consists of 
a small lead cell which is clamped against the article to be tested. 
The electrolyte is a 60% sulphuric acid solution containing 5 ml. 
per litre of Glycyrrhiza extract. The treatment takes 3 min., and 
does not damage the part under test; it leaves a small dark spot on 
the surface. The test spot is characterised by roughness at the grain 
boundaries if the metal is susceptible to this form of corrosion, and 
in most cases this can be judged with the naked eye. The test is 
applicable to both wrought and cast stainless steel, and it can be 
applied to detect the susceptibility to corrosion at points adjacent 
to welds. 

Huey Corrosion Test for 18-8 Steel. F. Meunier and H. M. 
Schnadt. (Arcos, Belgium: Metal Progress, 1942, vol. 42, Oct., 
pp. 564, 568, 574). The authors discuss the validity of the Huey 
corrosion test for stainless steels. In this test, specimens are sub- 
mitted to corrosion for three periods of 48 hr. in not less than 500 
c.c. of chemically pure, boiling, 67% nitric acid in a reflux condenser. 
Corrosion tests were carried out on fifteen welded specimens of 18/10 
chromium-nickel steel in three groups of five containing carbon 
0:25%, 050% and 0-70% respectively. All the specimens were 
quenched in water from 2100° F. to normalise the austenitic struc- 
ture; one of each group was kept in this condition, and the other 
four were annealed for 1 hr. at 1110°, 1290°, 1470° and 1650° F. 
respectively. The fifteen blocks were examined microscopically 
and their electrolytic dissolution potentials were measured. The 
first samples, made homogeneous and austenitic by quenching, 
were the most corrosion-resistant. The second group, annealed at 
1110° F., was slightly weakened at the grain boundaries. The 
third group was greatly deprived of chromium at the boundaries of - 
the austenite grains where there was a tendency to intercrystalline 
corrosion. In the specimens annealed at 1470° and 1650° F., where 
the more numerous carbide grains had been precipitated in an 
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increasingly scattered large number, the diffusion of chromium was 
sufficiently rapid to prevent excessive exhaustion of chromium at the 
boundaries, and the corrosion was more evenly distributed over the 
whole surface and was less severe locally. It was thus found that 
the predictions which could be made from a microscopical examina- 
tion were fully borne out by the results of the Huey test, which, as 
applied to welded joints, is a very searching and accurate one. 
The test is, however, likely to be misapplied, because for many 
uses of welded stainless steel equipment, the metal does not need to 
be of such high quality that the calculated rate of corrosion is less 
than 0-004 in. per month as specified in the Huey test. 

The Problem of Copper and Galvanized Iron in the Same Water 
System. L. Kenworthy. (Journal of the Institute of Metals, 1943, 
vol. 69, Feb., pp. 67-90). Premature failures of galvanised hot-water 
tanks connected to copper circulating pipes in domestic systems 
led to a laboratory investigation and to an extensive examination of 
service installations. Rapid failures were found to be due not to 
direct electrolytic action, but to very slight dissolution of copper 
by the circulating water, severe corrosion following the subsequent 
deposition of this copper on the galvanised coating. A concentra- 
tion as low as 0-01 part of copper in 100,000 parts of water is suffi- 
cient to cause greatly accelerated attack. This type of system is 
therefore only advisable for operating with waters possessing a low 
degree of cupro-solvency. The cupro-solvency can be reduced by 
lime additions, or by aeration. ' 

First Report of the Marine Corrosion Sub-Committee of the 
Corrosion Committee. (Iron and Steel Institute, 1943, this Journal, 
Section I). The present Report is in three sections preceded 
by asummary. In Section A, which is introductory in character, 
the constitution of the Sub-Committee is stated and the scope of 
their investigations is discussed. The ultimate purpose of the work 
in hand is to establish the most efficient and economic cures for both 
corrosion and the fouling of the ships’ hulls. al 

Section B, by J. C. Hudson, on raft tests, is in seven parts. 
Part I. is an introduction in which the purpose of the raft tests is 
stated. In Part II. particulars of the specimens, their preparation, 
painting, exposure and inspection are given. In Part III. tests 
proprietary compositions at Plymouth and Caernarvon are described. 
In general, it is concluded from these,two series of experiments that, 
although service tests must remain the final criterion of performance, 
raft tests should give a good indication of the relative merits of 
protective compositions, and the results of these initial series should 
bear a substantial relationship to the probable behaviour in the case 
of painting schemes applied to new construction. In Part IV. an 
evaluation of the tests on the effect of surface condition of the steel 
before painting is presented. Temporary treatments of red a 
paint have led to marked improvement in performance in under- 
water tests. In contrast to this, temporary treatments of red ene 
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oxide paint, of boiled oil, and of the first protective coat of one of 
the painting schemes proved to be injurious, and yielded worse 
results than those obtained with no temporary treatment at all. In 
Part V. brief details are given of some immersion tests at Caernarvon 
on specimens coated with compositions prepared by U. R. Evans 
and his collaborators for use when the painting must be done under 
adverse conditions, for instance, when a ship is in dry-dock in bad 
weather. Part VI. contains a report on tests on paints formulated 
by L. A. Jordan at the Paint Research Station; these paints 
were of simple composition, and incorporated certain substitute 
medium materials for others which may become difficult to obtain, 
e.g., coumarone resin and lanolin for rosin and linseed oil respectively. 
In Part VII. an outline is given of the tests in hand and the probable 
course of future investigations. Part VIII. deals with the effect of 
pigment in the protective paint. In Part IX. information is given 
on some other marine corrosion experiments which, although not 
primarily concerned with ships’ bottom compositions, have a bearing 
on the subject; these include: (a) Tests on protective metallic 
coatings for steel; and (b) immersion tests on unprotected ordinary 
and low-alloy steels. 

Section C, by J. E. Harris, is devoted entirely to anti-fouling 
' investigations, and consists of four parts. In Part I. the biological 
aspects of fouling are considered. The community of organisms 
appearing on non-toxic surfaces includes marine bacteria, seaweeds, 
diatoms and sessile marine animals. Such a community can be re- 
solved into four fairly well defined layers, namely, a basal carpet, a 
filamentous layer, a shrub and tree layer, and marine animals. 
The results of some tests using paints containing mercury and 
copper oxides on barnacle development are given. In Part II. the 
rate of slime formation is discussed; this is the earliest stage of 
fouling, and a technique is described by which the amount of slime 
formation can be accurately estimated within a period of 24-48 
hr. after immersion. A description is given in Part III. of the raft 
experiments in progress to elucidate the general principles under- 
lying the action of anti-fouling compositions; these involve both 
inorganic and organic poisons in various types of paint medium. This 
Section is concluded in Part IV. with some notes on the results of 
the examination of upwards of sixty samples of fouling from ships. 

New Methods for the Examination of Corroded Metal. F. A. 
Champion. (Journal of the Institute of Metals, 1943, vol. 69, Feb., 
pp. 47-66). The author describes two methods of examining 
corroded metal specimens. The first is a system for the macro- 
scopic and microscopic examination and recording of results in 
which the effect of the personal element in the classification and 
assessment of corrosion has been minimised by comparison of the 
specimen with standard charts and by description of the corrosion 
in standard terms. The second method is for the quantitative 
measurement of the corrosion, and it depends on photographic 
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interpretation of a radiograph of the specimen followed by photo- 
metric estimation. A formula for calculating a “ pitting index ” 
for the simple expression of the results is explained. Both methods 
were developed for aluminium and aluminium alloys, but the 
system of macroscopic and microscopic examination, at least, 
should be applicable to other metals. 
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The Chemical and Physico-Chemical Analysis of Iron and Steel. 
Twelve Years’ Advancement. EH. C. Pigott. (Metallurgia, 1943, 
vol. 27, Jan., pp. 118-119). The author presents a bibliography 
of books in English on the analysis of iron and steel and related 
materials published since 1930 together with short reviews of 
several of them. 

The Significance of Stray Light in Photoelectric Filter Photo- 
meters. M.N. States and J.C. Anderson. (Journal of the Optical 
Society of America, 1942, vol. 32, Nov., pp. 659-666). When 
using photoelectric filter photometers to measure the light-trans- 
mittancy of solutions for analytical purposes the concentration of 
the solution is related to the photometer readings by a curve called 
the “ analytical curve.” In this paper the authors describe investi- 
gations of the influence of stray light on the analytical curve. 

A Note on the Application of the Hirschmiiller-Bechstein Photo- 
Electric Colorimeter for Steel Analysis. H. Endrass. (Archiv fir 
das Eisenhiittenwesen, 1942, vol. 15, Apr., pp. 447-451). The 
author gives details of the procedures for determining the man- 
ganese, chromium, vanadium and molybdenum in steel using the 
Hirschmiiller-Bechstein photo-electric colorimeter. 

The Practical Application of Spectrochemical Methods to the 
Analysis of Steels. T. L. Tippell. (Iron and Steel, 1948, vol. 16, 
Feb., pp. 224-226). The author describes a modern, adequate, 
but not excessive, spectrochemical equipment for a steelworks 
laboratory. be 

Spectrochemical Determination of Silicon, Iron and Aluminium 
in Mineral Powders with a High Voltage Direct Current Arc. H. I. 
Oshry, J. W. Ballard and H. H. Schrenk. (Journal of the Optical 
Society of America, 1942, vol. 32, Nov., pp. 659-666). The authors 
describe a spectrochemical technique for the determination of 
silicon, iron and aluminium as oxides in powder samples. The 
sample required is less than 12 mg., and the method can be applied 
for concentrations between about 1% and 100% of the elements 
determined. i 

On Precision in Spectrochemical Analysis. H. B. Vincent and 
R. A. Sawyer. (Journal of the Optical Society of America, 1942, 
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vol. 32, Nov., pp. 686-692). The authors discuss the use of statis- 
tical methods to obtain increased accuracy in the results of spectro- 
chemical analyses. : : 

Systematic Identification of the Common Metallic Coatings. 
H. Nechamkin and A. Sanders. (Industrial and Engineering 
Chemistry, Analytical Edition, 1942, vol. 14, Nov., pp. 913-914). 
The authors describe how to make a series of spot tests, using 
only one drop of each reagent, in order to identify metallic coatings. 
The method, which takes only 5 min., can be used for coatings of 
any of the following metals: Chromium, tin, nickel, gold, silver, 
rhodium, zinc, cadmium, copper, aluminium and lead. 

Rapid Analytical Processes for Control Purposes in Foundries. 
K. Dietrich. (Giesserei, 1943, vol. 30, Jan. 8, pp. 13-15). The 
author discusses the advantages and limits of accuracy of photo- 
metric determinations of alloying elements when the metal to be 
determined is present in minute or in large proportions. 

Direct Determinations of Combined Carbon in Cast Iron and 
Steel. J.G. Donaldson. (Transactions of the American Foundry- 
men’s Association, 1943, vol. 50, Mar., pp. 931-936). The author 
describes a rapid and accurate direct method of determining the 
combined carbon in iron and steel. The sample is dissolved in a 
dilute mixture of nitric, sulphuric and phosphoric acids containing 
a small amount of silver nitrate as a catalyst. Oxidation of the 
combined carbon is accomplished by boiling with an ammonium 
persulphate solution and passing the evolved carbonaceous gases 
and water through heated copper oxide. The carbon dioxide is 
absorbed in ascarite and weighed. A determination takes 15 min. 
The method is not applicable to chromium steels or to other alloy 
steels not soluble in the acid mixture used. 

The Determination of Aluminium in High Nickel-Chromium 
Steels. S. D. Steele and L. Russell. (Iron and Steel, 1943, vol. 16, 
Jan., pp. 182-185, 200). The authors make recommendations for 
the procedure in determining aluminium in high nickel-chromium 
steels using 8-hydroxyquinoline as the precipitant for aluminium. 
The interfering elements chromium and nickel should be removed 
at early stages in the process; the authors adopted the method 
of removing the bulk of the chromium by volatilisation as chromyl 
chloride. There is a much greater tendency for the hydroxy- 
quinoline reagent to precipitate from an ammoniacal solution when 
alcohol is the solvent than when acetic acid is employed; acetic 
acid is therefore preferable as the vehicle for the reagent. Some 
modifications to the method of E. C. Pigott (see Journ. I. and §.1., 
1939, No. II., p. 113 4) are put forward and details of actual analyses 
by the authors are given. 

Cobalt Determination by Photo-Electric Comparison. W. W. 
Clarke. (Iron Age, 1942, vol. 150, Dec. 3, p. 45). The author 
describes a method for the estimation of cobalt in steel using a 
Fisher electro-photometer. The determination is carried out in 
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hydrochloric acid solution in the presence of stannous chloride. 
Nickel does not interfere. 

Use of Phosphate for Separation of Cobalt. from Iron. V. North 
and R. C. Wells. (Industrial and Engineering Chemistry, Analytical 
Edition, 1942, vol. 14, Nov., pp. 859-860). Although cobalt is 
commonly placed in the group with manganese, zinc and nickel, 
not precipitated by ammonia, it has long been known that part of 
the cobalt will be found in the ammonia precipitate under ordinary 
conditions, and this feature becomes increasingly important with 
small percentages of cobalt such as the amount present in ores. 
The method of separation described in this paper is employed after 
making the usual dehydration of silica and an acid hydrogen- 
sulphide precipitation of such elements as lead, copper and tin. 
Tron is then removed as phosphate from an acetic acid solution at 
a pH of about 3:5. The iron thus precipitated apparently has no 
retentive or adsorbing power towards cobalt, and the cobalt can 
be completely separated by a single precipitation of the iron. 

A Simplified Method for the Co-Determination of Manganese, 
Chromium and Vanadium. P. Dickens and G. Thanheiser. (Iron 
and Steel Institute, 1943, Translation Series, No. 129). An English 
translation of a paper on potentiometric volumetric analysis pub- 
lished in Mitteilunge aus dem Kaiser-Wilhelm-Institut fiir Hisenfor- 
schung, 1938, vol. 20, No. 3, pp. 35-41, and Archiv fiir das Hisen- 
hiittenwesen, 1938, vol. 11, May, pp. 583-588. (See Journ. I. and 
S.I., 1938, No. II., p. 116 4). 

Spectrophotometric Determination of Iron. J. P. Mehlig and 
H. RB. Hulett. (Industrial and Engineering Chemistry, Analytical 
Edition, 1942, vol. 14, Nov., pp. 869-871). The authors describe a 
spectrophotometric method for the determination of iron in ores. 
It is based on reducing the iron with hydroxylamine and on the 
measurement of the transmission of light with wave-lengths of 490 
and 505 mu through the coloured solution produced by either 
o-phenanthrolene or nitro-o-phenanthrolene. 

Polarographic Determination of Lead in Lead-Bearing Steels. 
G. Haim and W. C. E. Barnes. (Industrial and Engineering 
Chemistry, Analytical Edition, 1942, vol. 14, Nov., p. 867). The 
authors describe the procedure for a polarographic method of deter- 
mining the lead in lead-bearing steels which takes 20 to 25 min. 
The accuracy for contents between 0-1% and 0-4% is + 0:01%. 

The Potentiometric Determination of Nickel and Copper in Steel. 
BR. Weihrich. (Iron and Steel Institute, 1943, Translation Series, 
No. 127). This is an English translation of a paper which appeared 
in Archiv fiir das Hisenhiittenwesen, 1940, vol. 14, Aug., pp. 55-58 
(See Journ. I. and §.1., 1941, No. II., p. 235 4). : 

Determination of Low Concentrations of Oxygen in Gas. J. A. 
Shaw. (Industrial and Engineering Chemistry, Analytical Edition, 
1942, vol. 14, Nov., pp. 891-892). The author describes a method 
of determining concentrations of oxygen.as low as several thousandths 
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of 1%. The equipment and chemicals are probably available in 
most laboratories. The determination takes about 2 hr., but no 
personal attention is needed for most of this period. Some results 
obtained using clean compressed coke-oven gas are given. 
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SUBJECT INDEX. 


[References to the papers read before the Institute are indicated by the 
word Paper following the page number. The letter P. denotes a reference in 
Section I. of the Journal which contains the reports of the proceedings of 
meetings, the papers read, and the discussions thereon. The letter A. denotes a 
reference to the section dealing with abstracts. 

Indexing of Alloy Steels and Other Alloys. In the indexing of alloy steels, 
carbon and iron are ignored and the alloying elements contained in the steel 
are arranged in alphabetical order; for example, all references to nickel- 
chromium-molybdenum steel will be found under the heading chromium- 
molybdenum-nickel steel. In the indexing of other alloys, carbon and iron, 
when present, are included in the title; iron, when present, is always mentioned 


first and the other elements follow in alphabetical order, carbon being in all 


cases mentioned last. 
chromium-nickel-carbon alloys.’’] 


ABRASION. See Wear. 

ABRASION RESISTANCE, steel, effect 
of elements, 32A. 

J acer WHEELS, for cutting metals, 

A. 

ACETYLENE, use for cutting metals, 
20A. 

Acip ELrctric FurNAcES, slag con- 
trol, 82A. 

Acrp OpEN-HEARTH PROCESS, 49A. 

AorD-RESISTANT STEEL, properties, 
63A. 

Acip Siac, desulphurisation of iron, 
4A 


Aca Merrat Tustne Co., brazing of 
tubes, 58A. 
AGEING, steel, 178A. 
Arr, consumption in 
machines, 115A. 
Arr ConpDITIonInG. See Blast, dry- 


ore-loading 


ing. 
Arrcrarr CONSTRUCTION, use of 
cold-rolled stainless steel, 644. 
ATRCRAFT-ENGINE Parts, German 
and Italian, metallurgical ex- 
amination, 1414. 
AIRCRAFT-HNGINE VALVES, chro- 
mium-manganese-nickel steel 
for, 141A. 
AIRCRAFT GEARS : 
heat treatment and machinability, 
132A. 
manufacture, 210A. 
AIRCRAFT PARTS : 
cadmium plated, corrosion, 35A. 
forging, 52A. 
stretch-forming, 844. 


Examples: ‘“ Iron-silicon-carbon alloys ’’ and “ iron- 


AIRCRAFT STEEL : 


cracking, effect of welding gas 
composition, 18A. 

hardenability, 974. 

heat treatment, 17A. 

properties, 103A. 

specification, American, 314. 

welding, 89A. 

ALLOYS : 

beryllium-copper, yield point, 

159P. 


conservation, 139A., 155.4. 
conservation in steel-making, 156A. 
corrosion by flue gases, 2234. 
hard, production, 197A. 
hard-facing, properties, 304. 
heat-resistant, properties, 1384. 
iron-aluminium-nickel, sintered, use 
for magnets, 179A. 
iron-aluminium-silicon, 
permeability, 178A. : 
iron-carbon, austenite formation, 
108A. 


magnetic 


iron-carbon, carbon diffusion, 
206A. 

iron-carbon, grain size, 108A., 
184A. 


jron-chromium, effect of heat- 
treatment, 102A. ; 

iron - chromium - manganese - nitro- 
gen, constitution, 222A. 

iron-chromium-nitrogen, constitu- 
tion, 222A. 

iron-cobalt, effect of heat treat- 
ment, 102A. 

iron-cobalt-tungsten, Ar” 
107A. 


range, 
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ALLOYS (contd.)— 

iron-columbium, 
hardening, 63A. 

iron-copper, freezing, 110A. 

iron-manganese,’constitution, 109A. 

iron-manganese, effect of heat- 
treatment, 102A. 

iron-molybdenum, effect of heat 
treatment, 102A. 

jiron-nickel, effect of heat treat- 
ment, 102A. 

iron-silicon, effect of heat treat- 
ment, 102A. 

iron-tungsten, 
171A. 

magnetic, applications, 98A. 

non-ferrous, drawing, stress-strain 
measurements, 94A. 

use for hard-facing, 19A. 

ALPHA TRON, lattice parameter, effect 
of molybdenum, 107A. 
ALUMINA, determination in steel, 
spectrum analysis, 1444. 

ALUMINIUM : 

coefficient of expansion, 884. 
conservation in steel-making, 155A: 
corrosion, effect of scale, 354. 
determination in chromium-nickel 
steel, 228A. 
determination in mineral powders, 
227A. 
effect in hypereutectoid 
hardenability, 1034. 
effect in tinning of steel 264. 
electrolytic polishing, 1064. 
melting point, 884. 
production in Sweden, 42.4. 
use for tuyere construction, 162.4. 

ALUMINIUM COATINGS, marine corro- 
sion tests, 399P. 

ALUMINIUM STEEL, scaling, 48P. 

AMERICAN BRAKE SHOE AND Foun- 
DRY Co., creep testing tech- 
nique, 62.4. 

AMERICAN CoAtL, coking properties, 
194A, 

AMERICAN SOcIETY FOR TESTING 
MATERIALS, definition of heat 
treatment terms, 85A. 

AMERICAN WELDING Soctery, speci- 
fication for stainless steel 
welding electrodes, 57A. 

AMOLA STEEL, properties, 1044. 

ANALYSIS, 68A4., 1434., 227A. 

colorimetric, 227.4. 

ferrous metals, 145A. 

iron and steel, bibliography, 227. 
photometric, 2274., 2284. 
polarographic, 684. 

spectrum, 299 Paper, 227A. 


precipitation 


electrodeposition, 


steel, 


ANALYSIS (contd.)— 
spectrum, determination of alu- 
mina in steel, 145A. 
spectrum, iron and steel, 1444. 
ANCHOR CHAINS, production, 2044. 
ANCHORS, production, 204A. 
ANNEALED STEEL : 
carbon solubility, effect of man- 
ganese and silicon, 216A. 
electrical resistivity, 216A. 
ANNEALING : 
cold rolled strip, 212A. 
effect on transformer steel, 136A. 
ANNEALING FURNACES, gas-burners 
for, 150A. 
ANNUAL MEETING, proceedings, 1P. 
Anopic TREATMENT, steel, 106A. 
ANTIFOULING COMPOSITIONS : 
action of, 414P. 
marine corrosion tests, 352P. 
Arc Furnaces. See Electric Fur- 
naces. 
ARMA STEEL, production, 198A. 
Armco Tron, elasticity modulus, 
effect of temperature, 103P. 
ArmovR, steels for, 634. 
ARMOUR PLATE, welding, 208A. 
ASSOCIATES, election, 7P. 
ASSOCIATION OF IRON AND STEEL 
ENGINEERS, specification for 
electric cranes, 14A. 
ATMOSPHERES : 
controlled, 16A. 
controlled, for heat treatment fur- 
naces, 133A. : 
controlled, Hypercarb process, 16.4. 
controlled, for malleablising fur- 
naces, 1254. 
dew-point indicator, 554. 
furnace, produced by complete 
combustion of gaseous fuel, 


45P. 
AUSTENITE :, 

carbon diffusion, effect of molyb- 
denum, 107A. 

decomposition in high-speed steel, 
110A. 

formation in iron-carbon alloys, 
108A. 


formation in steel, 109A. 
hardness tests, 2144. 
transformation in steel, effect of 
molybdenum, 107A. 
AUSTENITIO STEEL, effect of cold- 
working, transformations, 
183A. 
AUSTRALIA : 
forging practice, 130A. 
iron and steel industry, 9A. 
manufacture of ferro-alloys, 1524. 
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AUSTRALIAN IRON AND STEEL, LTD., 
basic open-hearth practice, 
233 Paper. 
AXLES : 
fatigue strength, correlation with 
residual stresses, 29A. a 
fatigue strength, effect of norma- 
lising and tempering, 97A. 


Bassirt Metat Coatinas, for wire, 
234A. 
BAKELITE SOLUTIONS, use for seal- 
ing porous castings, 2024. 
Batpt ANCHOR CHAIN AND FoRGING 
Co., plant, 204A. 
BARS: 
descaling, 22A. 
reinforcement, properties, 140A. 
Basic-BESSEMER STEEL, aluminium- 
killed, properties, 135A. 
OpEN-HEARTH FURNACES, 
development, 10A. 
Basic OPEN-HEARTH PRACTICE, 10A., 
47A., 127A. 
Australia, 233 Paper. 
cold metal charges, 128A. 
pig-iron charges, 10A. 
Basic 81a, solidification and struc- 


Basic 


ture, 158A. 

BEARDSHAW, J., AND Son, LD., 
history and development, 
155A. 

BrEaRine Metats, properties, 161A. 

BEARINGS : 


inerease of bearing surface area to 
conserve material, 161A. 
low-tin, bonding to iron and steel, 
1414. 
maintenance, 131A. 
roller, steels for, 219A. 
Bett Arrcrart Corporation, forg- 
ing plant, 524A. 
Benp-FaticvE STRENGTH, chro- 
mium-molybdenum-nickel 
steel, 213A. 
BENTONITE, use in moulding sand, 
8A. 
BENZOL, recovery, 3A. 
BERYLLIUM-CopPpER ALLOYS, 
point, 159P. 
BESSEMER CONVERTERS : 
linings, 116A. 
refractory materials, 116A., 149A. 
BursseMER GoLD MEDAL, awarded to 
J. H. Whiteley, 3P. 
Bessemer Process, metallurgy, 9A.,, 
127A. 
BxESSEMER STEEL, basic, aluminium- 
killed, properties, 135A. 


yield 


BETHLEHEM STEEL Co: 
blast-furnace plant, 195A. 
boiler practice, 191A. 
BIBLIOGRAPHY, 704., 147A., 230A. 
analysis of iron and steel, 227A. 
ereep tests, 524. 
fatigue strength of welded joints, 
29A. 
Brack Magic Process for coating 
metals, 914. 
BLAST: 
dry, use in blast furnaces, 3A. 
drying, 414. 
oxygen-enriched, 195A. 
Buast-FURNACE COKE : 
improvement in quality, Upper 
Silesian practice, 3A. 
properties, 40A. 
Buast-FURNACE FLUE Dust, sinter- 
ing, 120A. 
Buast-FURNACE GAS : 
cleaning, 194A. 
use for cutting metals, 204. 
Biast-FURNACE LININGS, wear, 2A. 
BuaSt-FURNACE PLANT : 
Bethlehem Steel Co., 195.4. 
Republic Steel Corporation, 194A., 
195A. 
Texas, 120A. 
Buiast-FURNACE PRACTICE ; 
Hoesch, A.G., 4A. 
Styria, 151A. 
BLAST-FURNACE SLAG : 
grindability, 1524. 
use for bricks, 4A. 
BuLAst-FURNACES : 
blowing engines, 196A. 
charges, valuation, 121A. 
charging, control of skip-hoists, 
4A 


control instruments, 414. 

gas composition, 15A. 

increase of efficiency and saving of 
coke, 120A. 

refractory materials, 190A. 

relining, 195A. 

smelting fine ores, 1514. 

stock distribution, 1964. 

turbo-blowers, 44. 

tuyeres, use of aluminium, Silu- 
min and steel-backed copper, 


162A. 
use of dry blast, 34., 414. 
use of oxygen-enriched blast, 195A. 
use of sinter, 39A. 
BLASTING, in iron ore mines, 38A. 
BLEEDING, ingots and castings, 200A. 
Brienpinc, South African coal, 
193A. 
BiowErs, turbo, 44. 
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BLowIne ENGINES, efficiency and 
fuel consumption tests, 196A. 

BuiueEtna, steel, 914. 

BoiER PRACTICE, 39A. 

Bethlehem Steel Co., 191A. 
Borer TUBES, corrosion, 1124. 
BOrLERS : 

feed-water treatment, 112A. 

welding, specifications, 19A. 
Bouts : 

manufacture and properties, 534. 

properties at high temperatures, 
211A. 

steel for, 104A. 

Boms Casines, welding, 208A. 

BoNDERISING, food containers, 27A., 
28A., 34A., 944. 

Boox Noricss : 

Assoc. of Iron and Steel Eng., 
‘Specifications for Electric 
Overhead Cranes,’’ 112A. 

Biringuccio, V., ‘‘ Pirotechnia,”’ 
186A. 

Foster, P. F., ‘‘ Mechanical Testing 
of Metals,’’ 3rd ed., 69A. 

Hirst, H., ‘‘ X-Rays in Research 
and Industry,” 146A. 

“Mitt. ad. K. W. Institut fir 
Eisenforschung,”’ Bd. 24, 146A. 

Works Projects Administration. 
“Tables of the Moments of 
Inertia,’’ 69.4. 

BorG-WaRNER Corp., tube-welding 
practice, 165A. 

Bornes, cast iron, use for preventing 
scaling in steel, 164. 

BounpDary STRENGTH, relation to 
grain size in metals, 614. 

BRASS 3: 

coefficient of expansion, 88A. 

melting point, 88A. 
BRaAziIn : 

foundry practice, 764., 77A. 

mineral resources, 37A. 

Brazine, tubes, 584. 
ae cast iron, use in cupolas, 


BRIQUETTING : 
iron ore, 189A. 
turnings, 121A. 
Broxrn Hr Proprmerary Co., 
strip mills, 144. 
BRONZE : 
coefficient of expansion, 884. 
melting point, 884. 
Tobin, molten, penetration in 
stainless steel, 216A. 
ee ys Ve: for annealing furnaces, 


Bursting Tests, tubes, 1044. 


Capmivum, electrodeposition, 172A. 
Capmtum Coatines, 68A. 
for wire, 23A. ig 
CADMIUM-PLATED STEEL, corrosion, 
354A 


Catcrum, metallic, production, 129A. 
CaLrroRNIA, chrome ore deposits, 
188A. 
CANADA : 
chrome ore deposits, 1144. 
tungsten ore deposits, 114A. 
CANNON, cast iron, first produced in 
England, 5A. 
CapacrTors, application and control, 
128A. 


CARBIDES : 
precipitated, effect in carbon steel, 
electrical resistivity, 217A. 
sintered, use for drawing dies, 
160A., 204A. 

CARBON: 

determination in iron and steel, 
144A., 2284. 

determination in iron and steel, 
Stréhlein apparatus, 68A. 

determination in low-alloy steel, 
143A. 

diffusion in austenite, 
molybdenum, 107A. 

diffusion in iron-carbon alloys, 
206A. 

diffusion in rimming steel, 114. 

effect in alloy steel, weldability, 
58A. 

effect in steel, 324A. 

effect in tinning of steel, 26A. 

saturation in cast iron, effect of 
phosphorus and manganese, 
135A. 

solubility in annealed steel, effect 
ofmanganeseand silicon, 216A. 

state, in tempered steel, 183A. 

CarBon ATOMS, position in martensite, 

Paper. 

CarBON Dioxtpe, dissolved in water, 
effect on corrosion of steel, 
67A. 

CARBON STEEL : 

carburisation, 85A. 

corrosion in sea water, 402P. 

deformation at low temperatures, 
136A. 

effect of manganese, 55A. 

elasticity modulus, effect of tem- 
perature, 103 Paper. 

electrical resistivity, effect of pre- 
cipitated carbide, 217A. 

hardenability, 984A. 

hardenability, effect of elements, 
100A, 


effect of 
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CARBON STEEL (conid.)— 
hardness, effect of cold rolling, 
96A., 177A. 
properties, effect of autogenous 
deseaming, 214. 
properties at high temperatures, 
211A 


scaling, 46P., 48P. 
structure, 182A. 
wear, effect of temperature, 215A. 
welded, fatigue strength, 176A. 
CARBONISATION, low-temperature, 
150A. 
CarBoziTe CoaTInas, 94A. 
CARBURISATION : 
alloy steel, 85A. 
earbon steel, 854. 
gaseous, 854. 
steel, effect on characteristics of 
zine coatings, 26A. 
CARBURISING COMPOUNDS, recondi- 
tioning, 163A. 
CARBURISING STEEL, properties, 
63A. 
CARNEGIE-ILLINOIS STEEL CORPORA- 
TION, tinning of strip, 27A. 
CARTRIDGE Caszs, brass-coated steel, 
recovery of copper, 172A. 
CasE-HaRDENED STEEL, hardness 
tests, 177A. 
CasH-HARDENING, 163A. 
Ni-Carb process, 86A. 
steel, 206A. 
steel, properties, 1814. 
Cast Iron : 
alloy, properties, 140A., 1814. 
austenitic, effect of ladle additions, 
215A. 
carbon saturation, effect of phos- 
phorus and manganese, 1354. 
Chromite, properties, 181 A. 
coefficient of expansion, 88A. 
effect of phosphorus, 2014. 
fatigue strength, 137A. 
fluidity, 201A. 
graphitisation, 6A., 1244. 
graphitisation of cementite, 122A. 
graphitisation, effect of silicon, 
124A. 
graphitisation of martensite, 122A. 
graphitisation, suppression by su- 
per-cooling, 123A. 
graphitisation, theory of process, 
123A 


grinding and polishing for metallo- 
graphic examination, 65A. 

growth, effect of phosphorus, 
218A. 

ladle additions, 121A. 

malleable. See Malleable Cast Iron. 


Cast Iron (contd.)— 
manufacture in electric furnaces, 
122A. 
melting point, 88A. 
properties and structure, 764. 
shrinkage, 201A. 
tessellated stresses, 173P. 
use Ae honipars in glass industry, 


wear, effect of temperature, 215A. 
welding, 17A., 208A. 

Cast-Iron Borinas, use for prevent- 
ing scaling of steel, 16.4. 
Sate BRIQUETTES, use in cupolas, 
Cast-Iron Cannon, first produced in 

England, 5A. 
Cast Srren, properties, 604. 
CASTING : 
centrifugal, development, 155A. 
centrifugal, guns, 80A. 
centrifugal, piston rings, 122A. 
impact, steel, 52A. 
trench mortar shells, 7A. 
CASTINGS : 
alloy steel, properties, 634. 
bleeding, 200A. 
crack detection, electrical method, 
98A. 
design, 80A. 
gating, use of atmospheric pressure, 
A 


high-strength, production, 153A. 

machine-tool, production, 198A. 

malleable-iron, design, 153A. 

porous, sealing with bakelite solu- 
tions, 202A. 

steel, manufacture, triplex process, 
46A 


steel, manufacture, use of models, 


steel, porosity, prevention by ‘‘pad- 
ing,” A. 

steel, production, 125A. 

steel, solidification, 125A. 

X-ray examination, 64A. 
CaTHODIC PROTECTION : 

metals, 33A. 

water tanks, 185A. 

CaviraTIon, turbine blades, effect 
of air content of water, 
185A. 

CemENTITE, graphitisation in cast 
iron, 122A. 

CHAINS : 

anchor, production, 204A. 
stud-link, casting, 121A. 

CHAMBERSBURG HENGINEERING Co., 
construction of forge hammers, 
52A. 
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CHANNELS, calibration of rolls, 131A. 
Cuarcosat Iron Inpustry, United 
States, 6A. 
CHILE, mineral resources, 37A. 
CHLORINE, action on refractory mater- 
ials, 73A. 
CHROMATES, use in paints, 28A. 
CHROME ORE, concentration, 188A. 
CHROME ORE DEPOSITS : 
California, 188A. 
Manitoba, 114A. 
CHROMISING Process, 169A. 
CHROMITE, properties, 181A. 
CHROMITE REFRACTORIES. See Re- 
fractory Materials. 


CHROMIUM : 
determination in iron and steel, 
227A., 229A. 
effect in alloy steel, weldability, 
58A. 


effect in hypereutectoid steel, har- 
denability, 103A. 

effect in manganese steel, 103.4. 

effect in steel, 324. 

effect in steel, corrosion resistance 
and creep, 32A. 

electrodeposition, 169A. 

electrodeposition from chromic acid 
solutions, 244. 

Curomium Coatings, hard, 244. 

CHROMIUM - CopPpER - NICKEL Cast 
Tron, effect of ladle additions, 
216A. 

CHROMIUM-COPPER STEEL, corrosion 

in sea water, 402P. 

CHRomiIum IRon, oxide film forma- 
tion, 86A. 

CHRomiuM - MANGANESE - MOLYBDEN- 
um-NICKEL-SILICON STEEL, 
properties, 32.4. 

CHROMIUM - MANGANESE - MOLYBDEN- 
UM STEEL, properties, 219A. 

CHROMIUM-MANGANESE NICKEL 
STEEL, properties, 1414. 

CHROMIUM - MANGANESE - NITROGEN 
STEEL, transformations, effect 
of cold work, 1844. 

CHROMIUM - MANGANESE - SILICON 
STEEL, properties, 32.4. 

CHROMIUM-MANGANESE STEEL : 

effect of nickel, 218A. 

effect of nitrogen, 222A. 

effect of tempering temperature, 
219A. 

properties, 181A. 

transformations, effect of cold work 
184A. 

CHRomMIuM - MANGANESE - VANA - 
DIuM STEEL, effect of temper- 
ing temperature, 219A. 


Curomium - MoLyBDENUM - NICKEL 
STEEL : 
bend-fatigue strength, 213.4. 
for gears, 132A. 
hardenability, 214A. 
heat treatment, 174A. 
properties, 31A4., 32A., 219A. 
properties at high temperatures, 
211A. 

CHRomiIuM - MoLyBDENUM - NICKEL 
VANADIUM STEEL, properties, 
104A. 

CrRomium - MoLyBDENUM - SILICON 
STEEL, welding, 89A. 

CHRoMIUM-MOLYBDENUM STEEL : 

cadmium-plated, corrosion, 35A. 

cracking, effect of welding gas 
composition, 18A. 

cracks, temperature of formation, 
184. 


deformation at low temperatures, 
136A. 

properties, effect of autogenous 
deseaming, 214. 

spot welding, 166A. 

tensile tests, notched bar, 95A. 

welding, 894A. 

CHRoMIUM-MOLYBDENUM STEEL 

TUBES : 

properties at high temperatures, 
96.4 


welded, tensile strength, 884. 
welding, effect of residual stress, 
88A. 

CuRomium - MoLyBDENUM - VANA - 
pIuM STEEL, deformation at 
low temperatures, 136A. 

CuRoMIUM-NICKEL STEEL : 

carburisation, 85A. 

cold-rolled, use in aircraft con- 
struction, 64A. 

corrosion by flue gases, 223A. 

creep tests, 624. 

determination of aluminium, 228A. 

effect of cold-rolling, 136A. 

effect of nitrogen, 140A. 

effect of tempering temperature, 
218A. 

elasticity modulus, effect of tem- 
perature, 103P. 

Huey corrosion test, 224A. 

intergranular corrosion, 224A. 

penetration of molten metals, 
216A. 

properties, 634. 

properties, effect of autogenous 
deseaming, 214A. 

scaling, 46P., 48P. 

tensile tests, notched bar, 95A., 
211A. 


SUBJECT INDEX. ah 


Curomium-NIcKEL STEEL (contd.)— 
transformations, effect of cold work, 
1844. 
wear, effect of temperature, 215A. 
welding, 89A. 
CuRomMIUM-NICKEL-TITANIUM STEEL, 
transformations, effect of cold 
work, 184A. 
CuRoMIUM-NICKEL-TUNGSTEN STEEL, 
scaling, 48P. 
CHROMIUM-SILICON STEEL : 
properties, 634. 
properties, effect of autogenous 
deseaming, 22A. 
scaling, 48P. 
CHROMIUM STEEL : 
determination of titanium, 145A. 
effect of nitrogen, 222A. 
effect of tempering temperature, 
219A. 
elasticity modulus, effect of tem- 
perature, 103P. 
penetration of molten metals, 216A. 
properties, 634. 
sealing, 46P., 48P. 
tempering, 874. 
tensile tests, notched bar, 95A. 
wear, effect of temperature, 215A. 
welding, 58A., 894. 
CHROMIUM-VANADIUM STEEL, effect of 
tempering temperature, 219A. 
Cincinnati Minurinc Macuine Co., 
foundry plant, 198A. 
CLAD STEEL : 
production, 1714. 
recovery of gilding metal, 1724. 
welding, 134A. 
CLEANING : 
blast-furnace gas, 1944. 
coal, 150A. 
coal, South Wales, 3A. 
metals, 21A., 90A., 168A. 
metals, use of shot-blast, 214., 


914A. 

metals, use of surface active agent, 
90A. 

CoaL : 

American, coking properties, 194A. 

bituminous, for gas producers, 
40A. 

carbonisation, low-temperature, 
150A. 


cleaning, 150A. 

cleaning, South Wales, 34. 

coking tests, 150A. 

determination of moisture, 145A. 

determination of volatile matter, 
69A. 

Lorraine, coking properties, 404., 
193A. 
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Coat (contd.)— 
origin and composition, 192.4. 
properties and structure, 1924. 
pulverised, use in metallurgical 
: furnaces, 192A4., 193A. 
aar, cokin roperties, 40A. 
ros A. § prop ’ > 
sea, effect in moulding 
198A. 
South African, blending, 193A. 
tests, 150A. 
Coat DEPOSITS : 
Forest of Dean, 114A. 
Russia, 14. 
COATING : 
metals, 23A., 914., 169A. 
wire, hot-dip method, 23A. 
COATINGS : 
cadmium, corrosion, 68A. 
Carbozite, 944. 
chromium, hard, 244. 
electrodeposited, thickness mea- 
surement, 23A. , 
enamel, fishscaling, 173A. 
galvanised, effect of copper, 924. 
metallic, identification by spot tests, 
228A. 
metallic, impurities, effect on corro- 
sion, 23A. 
metallic, marine corrosion tests, 
398P. 
nickel, hard, 25A. 
non-magnetic, thickness measure- 
ment, 23A. 
oxide, corrosion resistance, 172A. 
phosphate, use in silver plating of 
steel, 172A. 
silver, adherence on steel, 924. 
silver, structure, 92.4. 
substitute, for tinplate, 274. 
tin, effect of elements in steel, 
26A. 
tin, porosity tests, 173A. 
zinc, corrosion, 169A. 
zine, corrosion resistance, effect of 
impurities, 264. 
zine, effect of deformation, grain 
size and carburising treatment 
of steel, 264. 
zine, production, 169A. 
zine, tests, 169A. 
CoBALT : 
determination in iron and steel, 
228A. 
production in Sweden, 42A. 
separation from iron, 229A. 
Copatt Hieu-SesrD STEEL, use for 
tipping tools, 904. 
Corrricienr OF EXPANSION, metals, 
88A. 


sand, 


R 


8 SUBJECT INDEX. 


COKE : : 
blast-furnace, improvement in 
quality, Upper Silesian prac- 
tice, 3A. 
blast-furnace, properties, 40A. 
cooling, Collin system, 119A. 
cooling, Sulzer system, 119A. 
determination of volatile matter, 
694 
Cokn-OVEN GAS: 
use for cutting metals, 20A. 
use in open-hearth furnaces, 474. 
CoKE OVENS: 
horizontal flues, 119A. 
Koppers, 119A. 
CoxinG Practice, use of low-tem- 
perature coke in charge, 3A. 
CoxkING PROPERTIES : 
American coal, 194A. 
Lorraine coal, 404., 193A. 
Saar coal, 40A4., 193A. 
Coxine TEstTs, coal, 150A. 
CoLtpD-RoLLED STAINLESS STEEL, use 
in aircraft construction, 64A. 
CoLpD-RoLLzep Strip, annealing, 2124. 
CoLtD ROLLING : 
effect on carbon steel, hardness, 
177A. 


effect on chromium-nickel steel, 
136A. 
effect on steel plates, hardness, 96A. 
effect on transformer steel, 136.4. 
Cotp WoRKING, effect on austenitic 
steel, transformations, 1834. 
Coxutn System of cooling coke, 119A. 
CoLORIMETERS, Hirschmiiller-Bech- 
stein, applications, 227A. 
CoLtuMBIuUM STEEL, creep strength, 
634A. 
ComBusTIoNn, submerged, for heating 
pickling tanks, 168A. 
CoMMONWEALTH STEEL Co., 
mills, 134. 
CONCENTRATION : 
chrome ore, 188A. 
iron ore, changes in phosphorus 
content, 384. 
ores, 1884. 
scheelite ore, 189A. 
tungsten ore, 1144. 
ConDUCTIVITY : 
electrical, metals, 30.4. 
thermal, metals, 30.4. 
thermal, refractory materials, 73.4. 
thermal, weld metal, 17.4. 
CONSERVATION, metals used in Ger- 
man equipment, 161A. 
CONTRACTION : 
metals, 88.4. 
moulding sand, 78A. 


sheet 


CoNTROL : 
moulding sand, 79A. 
multi-fuel-fired furnaces, 39A. 
ContTrou INsTRUMENTS for blast fur- 
naces, 41A. 
CoNVERTER STEEL, 
60A. 
CONVERTERS : 
linings, 116A. 
refractory materials, 116A4., 149A. 
Conveyors, for foundries, 8A. 
CoPpPER : 
coefficient of expansion, 884. 
corrosion, effect of scale, 35A. 
corrosion of galvanised iron in con- 
tact with, 225A. 
determination in iron and steel, 
229A. 


properties, 


effect in cast-iron welding rods, 
133A. 

effect in hypereutectoid steel, har- 
denability, 103A. 

effect in manganese steel, 1034. 

effect in steel, 324. 

effect in tinning of steel, 26A. 

effect in zine coatings, 92A. 

melting point, 88A. 

production in Sweden, 424. 

recovery from brass-coated steel 
cartridge cases, 172A. 

steel-backed, use for switch gear, 
162A. 


steel-backed, use for tuyere con- 
struction, 1624. 
CopprER STEEL, corrosion in sea water, 
2P. 


Corr BINDERS, examination by ultra- 
violet light, 8A. 

CorE-Boxss, design, 80A. 

CorE-DRyInG OvENS, mechanical 
stoking, 200A. 

CorE OILs, examination by ultra- 
violet light, 84. 

CorRESs : 

blowing, effect of large sand grains, 

1544, a =. 


drying, 126A. 
production, 126A. 
Conse history of Hayle Foundry, 


CorropED MeErars, examination, 
226A. 
CoRROSION : 
boiler tubes, 112.4. 
cadmium coatings, 68A. 
chromium-molybdenum steel, cad- 
mium plated, 35.4. 
effect of impurities in metallic 
coatings, 234. 
electrolytic, 334. 
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CoRROSION (contd.)— 
galvanised iron in contact with 
copper, 225A. 
intergranular, 
steel, 2244. 
marine, 339 Paper. 
metals, effect of scale, 35A. 
metals by flue gases, 223A. 
painted steel, 354. 
radiators, 67A. 
steel in sea water, 401P. 
steel in water containing dissolved 
carbon dioxide and oxygen, 
67A. 
steel in water and petrol, 664. 
steel in water, use of inhibitors and 
their effect on heat transfer, 
33A. 
water pipes, 111A. 
zine coatings, 169A. 
CoRROSION-FATIGUE, steel, effect of 
zine, 131 Paper. : 
Corrosion Rate, steel, determina- 
tion, 67A. 
CoRROSION RESISTANCE : 
oxide coatings, 172A. 
steel, effect of chromium, 32A. 
steel, effect of elements, 324. 
zine coatings, effect of impurities, 
26A. 
CoRROSION-RESISTANT 
perties, 634. 
CoRRosIon TESTS : 
Huey, chromium-nickel steel, 224A. 
protective and antifouling paints, 
352P. 
ship’s bottom compositions, 352P. 
Costa Rica, manganese ore deposits, 
1A 


chromium-nickel 


STEEL, pro- 


Costine in iron industry, 124. 
Costine Systems, cost rigidity factor, 
159A. 
Covunem Report, 11P. 
CRACKS : 
detection, electrical method, 98A. 
detection by electro-magnetic appa- 
ratus, 23A. 
detection, fluorescent penetrant 
method, 99A. 
detection, Glo-Crack method, 61A. 
detection, magnetic powder method, 
65A., 138A., 2134. 
formation in chromium-molybden- 
um steel, effect of tempera- 
ture, 18A. 
formation in chromium-molyb- 
denum steel, effect of welding 
gas composition, 184. 
hair-line, formation, 453P., 124. 
See also Defects. 
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CRANES : 

electric, specification, American, 
144. 


use of steel live rails and cast-iron 
collector shoes, 1624. 
working and idle times, 52A. 
CRANKSHAFTS, stresses, extensometer 
for studying, 29A. 
CREEP, steel, effect of chromium, 32A. 
CREEP STRENGTH, columbium steel, 
63A. 
CrEEP TxEstTs, 624. 
bibliography, 62A. 
Crown Cork AND SEAL Co., tinning 
of strip, 27A. 
CRUSHING, ores, 188A. 


CRYSTALS, iron,’ powder patterns, 
221A. 

CuproLa Practice, 45A. 

CUPOLAS : 


mixing spout, 444. 
use of cast iron briquettes, 444. 
CUTTING : 
flame, jigs and control devices for, 
89A. 
metals, use of abrasive wheels, 
58A. 
metals, use of propane, 210A. 
steel, 209A., 210A. 
Curtrinc MAcHINES, oxy-acetylene, 
135A. 
Courtine PROcESS, oxygen, perform- 
ance of various gases, 20A. 
Curtine TooLs : 
brazing on of carbide tips, 166A. 
for taking metallographic speci- 
mens, 105A. 
reconditioning, 166A. 
selection, 89A. 
welding of high-speed steel tips to 
carbon steel shanks, 208A. 


DECARBURISATION : 
malleable cast iron, 125A. 
prevention in steel by packing in 
cast iron borings, 16A. 
steel, weight changes, 16A. 
DEFECTS : 
detection, electric method, 984. 
detection, fluorescent penetrant 
method, 994. 
in metals, detection by stereo- 
radiography, 106A. 
See also Cracks. 
DEFORMATION : 
carbon steel at low temperatures, 
136A. 
chromium-molybdenum steel at low 
temperatures, 136A. 
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DECARBURISATION (contd.)— 
chromium -molybdenum - vanadium 
steel at low temperatures, 
136A. 
effect on steel wire, 59A. 
plastic, metals under stress, 175A. 
steel, effect on characteristics of 
zine coatings, 264. 
DEGREASING, metals, solvents for, 
21A. 
DESCALING : 
blooms, 22A. 
steel prior to painting, 168A. 
DESEAMING, ingots, 214A. 
DESULPHURISATION, iron with acid 
slags, 44. 
Drew Pornt, indicator for furnace 
temperatures, 55A. 
Diss : 
wire-drawing, heat treatment, 854. 
wire-drawing, origin, 534. 
wire-drawing, truing, 134. 
wire-drawing, use of sintered car- 
bides, 160A., 2044. 
DIFFUSION : 
carbon in austenite, 
molybdenum, 107A. 
carbon in iron carbon alloys, 206A. 
elements in metals, 65A. 
metals in solid state, 654. 
DILATOMETER, recording, for metal 
specimens, 95 Paper. 
Dominion FOUNDRIES AND STEEL, 
Lrp., plant, 203A. 
Donetz BASIN : 
coal deposits, 1A. 
iron ore deposits, 1A. 
DRAWING : 
metals, stress-strain measurements, 
944, 
wire, effect on properties, 2114. 
wire, heat-treatment of dies, 85A. 
wire, origin of dies, 534. 
wire, temperature changes and 
energy conditions, 2044. 
wire, temperature rise of material, 
204A. 
wire, truing of dies, 13.4. 
DRAWING DrkEs, wire, use of sintered 
earbides, 1604., 2044. 
Drei-BrirE PRrocuss for removing 


effect of 


seale, 91A. 

DRESSLER MALLEABLISING FURNACE, 
124A, 

DRILLING, in iron ore mines, 38A., 
115A. 

Drop Foreine, aircraft parts, 
52A. 

Dror-Forerne Practice, United 


States, 844. 
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DRYING : 
cores, 126A. 
synthetic moulding sand, 199A. 
DuPpiLEex Process, of steel-making, 
203A. 
DuRALUMIN, yield point, 160P. 
Dynamo STEEL, effect of cold-rolling 
and annealing, 136A.* 


Esonot Process for coating metals, 
O1A. 

Exasticiry Moputws, steel, effect of 
temperature, 103 Paper. 
ELEectrRIic CURRENTS, use in heat 

treatment, 164A. 
Evectric Driving, plate mills, 160A. 
ELectric-FURNACE PRractTIcg, 51A. 
ELECTRIC FURNACES : 
acid, slag control, 82A. 
arc, basic, behaviour of nitrogen, 
156A. 
are, control, 514. 
graphite rod resistor, manufacture 
of steel, 157A. 
high-frequency, operation, 114. 
high-frequency, use for determining 
heat of solution of silicon in 
iron, 109A. 
manufacture of cast iron, 122A. 
Tysland-Hole, 195A. 
ELEcTRIC Motors : 
control equipment, 161A. 
maintenance of brushes, 1284. 
for rolling mills, 53.4. 
ELEcTRIC-POWER PLANTS, use and 
control of capacitors, 128A. 
ELEcTRIC-PowER Suppty, low-volt- 
age distribution systems, 161A. 
ELEctTRIC SMELTING, iron ore, 152A., 


195A. 
ELEcTRICAL CONDUCTIVITY, metals, 
30A. ~~ 


ELECTRICAL PLANTS, maintenance, 
53A., 544., 1284., 161A. 
ELECTRICAL RESISTIVITY : 
annealed steel, 216A. 
carbon steel, effect of precipitated 
carbide, 217A. 
metals, effect of temperature, 30A. 
ELECTRICITY, consumption in manu- 
facture of ferro alloys, 197A. 
ELECTRODEPOSITED CoatTiInGs, thick- 
ness measurement, 234A. 
ELECTRODEPOSITION ; 
cadmium, 1724. 
chromium, 169A. 
chromium, from chromic acid solu- 
, tions, 244. 
iron-tungsten alloys, 1714. 
lead, 254. 
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ELECTRODEPOSITION (contd.)— 
nickel, 25.A. 
tin, 93A. 
tin, use of potassium stannate bath, 
93A, 
zinc, 26A. ~ 
EXLECTRODES : 
welding, effect of silicates in coat- 
ing on properties of weld 
metal, 57A. 
welding, properties, 134A. 
welding, stainless steel, specifica- 
tion, American, 56A. 
ELEcTRO-GALVANISING, 25A., 26A., 


169A., 171A. 
ELEctTROLYTIC Pouisutne, 1424., 
221A. 


aluminium, 106A. 
steel, 105A. 
ELECTROLYTIC [RON : 
hardness and structure, effect of 
elements, 102A. 
oxide film formation, 86A. 
Erectrro-MaGnetic APPARATUS, for 
detection of cracks, 23A. 
Exectron Microscopes, 183A., 220A. 
examination of steel structures, 
182A., 219A. 
ENnaMEL Coatines, fishscaling, 173A. 
ENAMELLING, wire, 934. 
END-QuENcH TESTS, 62A., 97A., 
are h 
ENERGY, conservation, 3A. 
ENGLAND, first cast-iron cannon, 5A. 
EN STEELS, properties, 324. 
Ercuine, lead-bearing steel, 220A. 
EUROPEAN INDUSTRY, German con- 
trol, 155A. 
EVANS AND BEVAN, LTD., coal-clean- 
ing plant, 150A. 
EXPANSION : 
moulding sands, 78A., 794. 
thermal, moulding sand, 8A. 
thermal, silica bricks, 190A. 
EXpansion CoBFFICIENT, metals, 8 8A. 
EXXTENSOMETERS, 29A. 


Factnas, for moulds and cores, 199A. 
FavicuE, corrosion-, steel, effect of 
zine, 131 Paper. 
FATIGUE STRENGTH : 
axles, correlation between residual 
stresses, 29A. 
axles, effect of normalising and 
tempering, 974. 
bend-, chromium-molybdenum- 
nickel steel, 213.4. 
butt welds, 176A. 
cast iron, 137A. 


FATIGUE STRENGTH (contd.)— 
malleable cast iron, 137A. 
welded joints, bibliography, 29A. 
welded joints, effect of notches and 
internal stresses, 57A. 
FatiGuE Stressss, biaxial, strength 
of steel under, 176A. 
FEED-WaATER, treatment, 112A. 
FERRO-ALLOYS : 
economic use, 30A. 
manufacture in Australia, 152A. 
manufacture in Sweden, 424. 
manufacture, electricity consump- 
tion, 197A. 
FERRO-MANGANESE, production, L6f- 
quist method, 424. 
FERRONITE THEORY, 216A. 
Fruss, hardness tests, 97A. 
Fiims, oxide, formation and stability, 
86A. 
Fisu-Eyves, in welds, effect of hydro- 
gen, 99A. 
FisHER PHOTOMETER, 228A. 
FISHSCALING in enamel coatings, 
173A. 
Fissures. See Cracks. 
Firterer’s Metuop for determining 
inclusions, 129A. 
Frakes, formation in steel, 196P. 
Fro-Met’t, 141A. 
FLoTATION, hematite, 116A. 
Fiow, plastic, in metals, 294., 
Fuur Dust. See Blast Furnace Flue 
Dust. 
Fiue GASES, 
223A. 
FLuipiry, cast iron, 201A. 
FLUORESCENT Metuop for detection 
of cracks, 99A. 
Fruxes, for welding, 89A. 
Foop CoNnTAINERS : 
bonderising, 27A., 28A., 
944. 
lacquering, 28A4., 344., 944. 
Forp Motor Co., valve spring manu- 
facture, 162A. 
Forest oF DEAn, iron ore and coal 
deposits, 114A. 
Force FurNAcgs, use of pulverised 
coal, 192A. 
Foran Hammers, design and con- 
struction, 52A. 
FORGING : 
aircraft parts, 524. 
drop-, 524. 
National Emergency steel, 160A. 
shells, 160A. 
ForGING PRACTICE : 
Australian, 130A. 
drop-, United States, 844. 


corrosion of metals 


34A., 
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FoRGINGS : 
alloy steel, production, 134. 
calculation, use of side rule, 160A. 
chromium - molybdenum - nickel 
steel, bend-fatigue strength, 
213A. 
hardness tests, 138A. 
heat treatment, 15A. 
machining, 210A. 
Forsterite. See Refractory Ma- 
terials. 
FOUNDRIES : 
conveyors, 8A. 
fuel conservation, 434. 
handling of materials, 464. 
iron, rationalisation, 152A. 
lay-out, 121A. 
time studies, 76A., 198A. 
FounpDRyY PLANT: 
Cincinnati Milling Machine 
198A. 
General Motors Corp., 198A. 
Malleable Iron Fittings Co., 45A., 
199A. 
Pirie, Villares & Cia, 77A. 
Founpry Practice, 6A., 43A4., 76A4., 
121A., 152A., 198A. 
Brazil, 76A. 
Mexico, 76A. 
FRACTURE, tyres and rails, 137A. 
FREEZING, iron-copper alloys, 
110A 
FUEL : 
conservation in foundries, 43.4. 
pulverised. See Coal pulverised. 
FULBOND, 8A. 
Furters HartrH, use in moulding 
sand, 7A. 
FuRNACE ARCHES, design, 2034. 
FURNACE ATMOSPHERES, produced by 
complete combustion of gase- 
ous fuel, 45P. 
FURNACES : 


Co., 


blast. See Blast Furnaces. 
electric. See Electric Furnaces. 
forge. See Forge Furnaces. 


gas-fired, operation and mainten- 
ance, 149A. 

heat requirements, 1184. 

heat treatment. See Heat Treat- 
ment, Furnaces, Annealing 
Furnaces, etc. 

insulation, 24., 74A. 

malleable iron. See Malleablising 
Furnaces. 

multi-fuel-fired, control, 39.4. 


open-hearth. See Open-Hearth 
Furnaces. 
reheating. See Reheating Fur- 


naces and Soaking Pits. 


FURNACES (conid.)— 
relation of heat loss to temperature, 
3A. 
rotary, manufacture of iron, 195A. 
thermal efficiency, 117A. 
under-feed stokers, 149A. 
use of pulverised coal, 1934. 
GALVANISED Coarttnes, effect of 
copper, 92A. 

GALVANISED IRON, corrosion in con- 
tact with copper, 225A. 
GALVANISED Scrap, dezincing, 11A. 
GALVANISED STEEL, metallographic 

polishing, 106A. 
GALVANISING, 169A. 
electro-, 25A., 26A., 169A., 171A. 
strip, 26A. 
wire, 26A., 170A. 
GALVANISING KETTLES, temperature 
control, 171A. 
GamMa-Rays, use in radiography, 


142A. 

Gas: 

blast-furnace. See Blast-Furnace 
Gas. 


carburetted, use in open-hearth 
furnaces, 118A. 
coke-oven. See Coke-Oven Gas. 
flue, corrosion of metals, 223A. 
town, use for cutting metals, 20A. 
welding, composition, effect on 
crack formation in steel, 184. 
Gas BuRNERS for annealing furnaces, 
150A. 
Gas PropucreRS. See Producers. 
GASEOUS FUEL: 
combustion, atmospheres produced, 
45P. 


sulphur removal, 43 Paper. 
GATING, castings, use of atmospheric 
pressure, 77A. 
GEAR STEEL, properties, 31A4., 219A. 
GEARS : 
aircraft, manufacture, 2104. 
heat treatment and machinability, 
132A. 
GENERAL ELECTRIC Co. : 
heat treatment of tool steel, 87A. 
wire enamelling plant, 93.4. 
GENERAL Motors CorPoRATION, pro- 
duction of Arma Steel, 198A. 
GERMAN StatE RatLways : 
fracture of rails and tyres, 137A. 
use of flame hardening, 154. 
GERMANY : 
control of European industry, 
155A. 
first coke blast-furnace in West- 
phalia, 43.4. 
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GERMANY (conid.)— 
iron and steel industries, 474. 
oe of vanadium from iron, 


Gitpine METAL, recovery from clad 
steel, 172A. 
Guass, use of cast-iron moulds, 33A. 
Guass FURNACES, comparison with 
open-hearth furnaces, 47A. 
Gto-Crack Merrnop of detecting 
cracks, 61A. 
GorHam Toot Co., manufacture of 
high-speed steel, 774. 
GRAIN SIZE: 
effect in hypereutectoid steel, har- 
denability, 103A. 
effect in steel, weldability, 213A. 
effect of initial structure and rate 
of heating, 108A., 184A. 
effect on characteristics of zinc 
z coatings, 26A. 
relation to boundary strength in 
metals, 61A. 
GRAPHITE, use in open-hearth prac- 
tice, 156A. 
GRAPHITE PARTICLES, effect in mal- 
leable cast iron, 64 
GRAPHITISATION : 
cast iron, 64., 124A. 
cast iron, effect of silicon, 124A. 
cast iron, suppression by super- 
cooling, 1234, 
cast iron, theory of process, 123A. 
cementite in cast iron, 122A. 
martensite in cast iron, 122A. 
steel, effect of tessellated stresses, 
201 Paper. 
Great Brrrain. See United King- 
dom. 
Great Lakes STEEL CORPORATION, 
benzole recovery plant, 34. 
‘« Gripur E,’’ properties, 304. 
GrirriIn WHEEL Co., control of 
moulding sand, 794A. 
GrinpaBitity, blast-furnace slag, 
152A. 
GRINDING : 
cast iron for metallographic exami- 
nation, 654 
rolls, 161A. 
steel tools, 89A., 210A. 
GrowtTH, cast iron, effect of phos- 
phorus, 218A. 
Guns, centrifugal casting, 804. 


Hatr-Linz Cracgs, formation, 453P., 
HANDLING, materials in foundries, 


46A. 
Harp Axxoys, production, 197A. 


Harp-FAcring : 


rolling-mill equipment, 56A. 
stainless steel, 19A. 


Harp-Facinec ALLoys, properties, 


19A., 30A, 


HARDENABILITY ; 


aircraft steel, 97A. 

carbon steel, 98A. 

carbon steel, effect of elements, 
100A 


chromium - molybdenum - nickel 
steel, 2144. 

hypereutectoid steel, effect of grain 
size and elements, 103A. 

National Emergency steel, 103A., 
140A., 155A., 180A. 

steel, age eee from composition, 
29A. 


strain, manganese steel, 98A. 
welded steel, 212A. 


HARDENABILITY TESTS: 


Jominy, 62A4., 97A., 177A. 
manganese steel, 177A. 


HARDENED STEEL : 


effect of manganese and silicon, 

217A. 

structure, effect of tempering tem- 
perature, 182A. 


HARDENING : 


flame, burner design, 86A. 

flame, cylindrical surfaces, 164. 

flame, use by German State Rail- 
ways, 15A. 

flame, use of oxy-acetylene torch 
with excess of oxygen, 15A 

flame, use of propane and acety- 
lene, 15A. 

flame-, use of town gas, 1334. 

precipitation, iron-columbium al- 
loys, 634. 

steel direct from rolling, 56A., 
164A. 


steel, formation of tessellated 
stresses, 189P. 

surface, journals, 162A. 

tool steel, 85A., 87A. 


HARDNESS ; 


alloy steel, effect on machinability, 
984. 

carbon steel, effect of cold rolling, 
177A 


electrolytic iron, effect of elements, 
102A. 
steel, effect of welding, 1784. _ 
steel plates, effect of cold rolling, 
6 


weld metal, effect of composition, 
19A 


Harpness TESTS : 


austenite, 214A. 
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HarpneEss Tests (contd.)— 
case-hardened steel, 177A. 
files, 97A. 
forgings, 138A. 
martensite, 214A. 
HayLE Founpry, history, 64. 
HEAT: 
mechanical equivalent, 34. 
requirements of furnaces, 118A. 
Heat EXCHANGERS, corrosion, use of 
inhibitors and their effect on 
heat transfer, 33A. 
Heat Lossszs, relation to tempera- 
ture, 3A. 
Heat oF SouurTion, silicon in iron, 
109A. 


HeEAT-RESISTANT ALLOYS, properties, 
138A. 
HeEAtT-RESISTANT STEEL : 
properties, 63.4. 
sealing, 56.4. 
welding, 89A. 
Heat TRANSFER, 117A. 
effect of corrosion inhibitors, 33A. 
reheating furnaces, 117A. 
Heat TREATMENT, 15A., 55A., 844., 
132A., 162A., 205A. 
aircraft steel, 17A. 


bolts, 53A. 
chromium - molybdenum - nickel 
steel, 17A. 


definition of terms used, 854. 

effect on iron alloys, 102A. 

effect on steel wire, 594. 

forgings, 15A. 

gears, 132.4. 

high-speed steel, 163.4. 

molybdenum high-speed steel, 87.4. 

National Emergency steel, 1604. 

prevention of cracking and dis- 

tortion, 15A. 

shells, 844. 

tool steel, 874. 

use of electric currents, 1644. 

wire-drawing dies, 854. 
Heat-TREATMENT FURNACES : 

we ala dew-point indicator, 


controlled atmospheres, 16.4.,133A. 

controlled atmospheres, Hypercarb 
process, 164. 

forced convection, 205.A., 206A. 

salt-bath, temperature control, 
205A. 


use of underfeed stokers, 149.4. 
HEATING : 


induction, 1644. 
rate of, effect on grain size, 108A., 
184A. 


use of infra-red rays, 173.4. 


Hewtiarnc MerrHop oF WELDING, 
165A. 
Hematite, flotation, 116A. 
HigH-FREQUENCY FURNACES, 
Electric Furnaces. 
HicH-SPEED STEEL : 
austenite decomposition, 110A. 
cobalt, use for tipping tools, 904A. 
grinding, 89A. 
heat treatment, 163A. 
manufacture, 77A. 
molybdenum, heat treatment, 87A. 
properties, 104A. 
HimscHMULLER-BECHSTEIN COLORI- 
METER, applications, 227A. 
Hosscu A.-G., blast-furnace prac- 
tice, 44. y 
HoLLINGER CONSOLIDATED GOLD 
Mines, Lrp., concentration of 
tungsten ore, 1144. 
Hovucuto-Biack Procsss for coating 
metals, 91A. 

Huey Corrosion Test for chro- 
mium-nickel steel, 224A. 
HypDRAULIC SYSTEMS, maintenance, 

130A. 
HYDROGEN : 


effect in malleablisimg process, 
125 


See 


effect in welds, fish-eye formation, 
994. 
in steel, pressures developed, 99A. 
HYPERCARB Procsss, 164A. ‘ 
IconEL-CLAD STEEL, welding, 134A. 
Impact CastIna, steel, 524. 
Impact TEstTs : 
new type of specimen, 60A. 
tensile, 61LA. 
INCLUSIONS : 
in steel, Fitterer’s method of deter- 
mination, 129A. 
slag, tessellated stresses, 193P. 
Invi, coking coals, 1144. 
Inrra-Rep Rays, use in industrial 
heating, 173A. 
Incor Iron, corrosion in sea water, 
402P. 
Incot Movunps : 
behaviour in service, 52P. 
cracking, 69P. 


life, effect of casting-pit practice 
65P. See Ff 


life, effect of casting-to-stripping 
time, 55P. 

life, effect of composition, 58P. 

life, effect of foundry practice, 63P. _ 

life, effect of teeming methods, 


~ , SbF. 
life ,effect of wall thickness, 57P. 
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Incot Movutps (contd.)— 

life, factors influencing, 52P. 

manufacture, Quasi-Bessemerising 
process, 80A. 

modes of failure, 66P. 

temperature gradients, determina- 
tion, 69P. 

thermal stresses, 75 Paper. 

Incot Moutps Sus-CoMMITTEE, work 
of, 51 Paper. 

INGOTS : - 

bleeding, 200A. 

deseaming, 21A. 

heterogeneity, 484. 

jarring, 484. 

temperature determination of in- 
terior, 73P. 

Inursitors, effect on corrosion and 
heat transfer in heat exchan- 
gers, 33A. 

INLAND STEEL Co. : 

electrical department, 54A. 
stock distribution in blast-furnaces, 
196A. 

INSULATING PROPERTIES, slag bricks, 
4A. 

InsuLation, furnaces, 2A., 74A. 
INTERGRANULAR CoRROSION, chro- 
mium-nickel steel, 224A. 

INVAR : 

expansion hysteresis, 222A. 
theory, 222A. 

Inco-Izina PRocESS 
metals, 914. 

Tron : 

alpha, lattice parameter, effect of 
molybdenum, 107A. 
desulphurisation with acid slags, 


for coating 


determination in mineral powders, 
227A. 

determination, spectrophotometric 
method, 229A. 

electrolytic, hardness and struc- 
ture, effect of elements, 1024. 

electrolytic, oxide-film formation, 
86A. 

liquid, equilibrium with slag, 824. 

liquid, heat of solution of silicon, 
109A. fe 

liquid, oxygen-silicon equilibria, 
834 


liquid, solubility of iron oxide, 
e834 


meteoric, theory, 222A. 

production, 34., 41A., 75A., 120A., 
151A., 194A. 

production in rotary furnaces, 
195A. : 

pure, solubility of nitrogen, 83A. 


Iron (contd.)— 
pure, thermo-electric power, 121 


Paper. 
Tron-ALUMINIUM-NIcKEL ALLOYS, 

sintered, use for magnets, 

179A. 
IRon-ALUMINIUM-SILICON ALLOYS, 


magnetic permeability, 178A. 
Tron-CarBon ALLOYS : 
austenite formation, 108A. 
carbon diffusion, 206A. 
grain size, 108A., 184A. 
Tron-Coromium ALuoys, effect of 
heat treatment, 102A. 
Tron - CHRomiIum - MANGANESE - 
NITROGEN ALLOYS, constitu- 
tion, 2224. 
Tron-CHROMIUM-NITROGEN 
constitution, 222A. 
Tron-CHROMIUM-NITROGEN DIAGRAM, 
222A. 
Tron-Copatt Anoys, effect of heat 
treatment, 102A. 
Tron-CoBALt-TUNGSTEN ALLOYS, Ar” 
range, 107A. 
Tron-CoLuMBiIumM ALLOYS, precipita- 
tion hardening, 63A. 
Tron-Coprer ALLoys, freezing, 110A. 
Tron Crysrats, powder patterns, 
221A. 
Iron INDUSTRIES : 
Australia, 9A. 
Germany, 47A. 
TrRon-MANGANESE ALLOYS : 
constitution, 109A. 
effect of heat treatment, 102A. 
Tron-MotyBpENUM ALLoys, effect of 
heat treatment, 102A. 
Tron-NicKEeL Auuoys, effect of heat 
treatment, 102A. 
Tron-NICKEL SYSTEM, 222A. 
IRon ORE: 
briquetting, 189A. 
concentration, changes in phos- 
phorus content, 38A. 
electric smelting, 152A., 195A. 
fine, smelting, 151A. 
hematite, flotation, 116A. 
Minette, sintering, 120A. 
Minette, smelting, 120A. 
mining, 115A. 
mining, Central Sweden, 115A. 
sintering, 39A., 189A. 
smelting, 1954. 
Tron Orr DEPOSITS : 
Brazil, 37A. 
Forest of Dean, 1144. 
Russia, 1A. 
West of England, 14. 
Western Australia, LA. 


ALLOYS, 
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Tron Ore MINEs : 
blasting and drilling, 38A., 115A. 
reducing weight of hoisting ropes, 
38A. 


TRon OXIDE: 
in open-hearth steel bath, 50A. 
solubility in liquid iron, 834. 
Tron-OxyGEN-SILICcON System, 834. 
Tron PowpeErs, See Powders. 
Tron Sanps, Italy, 1884. 
Tron-Sinicon AxnLoys, effect of heat 
treatment, 102A. 
Tron SPONGE, manufacture, Wiberg’s 
method, 195A. 
Tron-SULPHUR-ZIRCONIUM SySTEM, 
222A. 
Tron-TUNGSTEN ALLOYS,  electro- 
deposition, 171A. 
Iraty, iron sands, 188A. 


JeTAL Process for coating metals, 


Jounston Process for welding tubes, 
20A. 


Jominy Enp-QuENcH TxstT, 624., 
97A., 1T7A. 
JOURNALS : 


surface hardening, 162A. 
surface finish, 138A. 
JULIENHUTTE, coking practice, 3A. 


Kins, British standard test code, 
117A. 


Kopak Works, school of radio- 
graphy, 221A, 
Korrers Cokm OvmEn, 119A. 


LACQUERING, food containers, 284., 
344., 944 

Lapuss, refractory materials, 149A., 
191A, 


LEAD : 
determination in lead-bearing steel, 
229A. 
electrodeposition, 25.4. 
molten, solubility of steel, 185A. 
production in Sweden, 424 
red, use in paints, 284. 
LrAD-BEARING STEEL ; 
determination of lead, 229A. 
etching, 220A. 
LErAap CHROMATES, use in paints, 284. 
Lieut, ultra-violet, examination of 
core oils and core binders, 8A. 
LIGHTING, steel plants, 524. 
Lime / PHOSPHORIC Aotp / Srica 
System, 157A. 
LININGS : 
Bessemer converter, 116A. 
blast-furnace, wear, 24, 


Lorquist Merxop for production of 
ferro-manganese, 424 

Lonpon, Mripnanp AND SCOTTISH 
Ramway, X-ray technique, 
65A. . 

LORRAINE Coan, coking properties, 
40A., 193A. 

LUBRICANTS, properties, 131A. 

LUBRICATING OrL, effect of water, 
162A. 

LuxKens STEEL Co., pressing plant, 
130A. 


MACHINABILITY : 
alloy steel, effect of hardness, 984. 
gears, 132A. 
steel, effect of elements, 32A. 
MACHINING : 
forgings, 210A. 
metals, 89A4., 210A. 
National Emergency steel, 160.4. 
MACROSTRUCTURES, production by 
contact ink impressions, 183A. 
MAGNESIA: 
production and properties, 734. 
recovery from sea water, 73A., 
190A. 
MaGnesium, production in Sweden, 
2 
MaGnetic ALLoys, applications, 98A. 
MAGNETIC PERMEABILITY, iron-alu- 
minium-silicon alloys, 178A. 
Macenetic PowprerR Mersop for 
detecting cracks, 65A., 138A4., 


213A. 

MAGNETITE, low-temperature reduc- 
tion, 196A. 

MAGNETS : 


permanent, materials for, 215A. 
production from sintered iron- 
aluminium-nickel alloys, 179A. 

MALiLEABLE Cast [RON : 
decarburisation, 125A. 
effect of graphite te 6A. 
fatigue strength, | 
manufacture, ree ors 
pearlitic, manufacture, 125A, 

Nee Tnon Castrinas, design, 

5 

MALLEABLE Tron Frrrines Co. 
foundry sand control system, 1994. 
plant, 454. 

MALLEABLISING FuRNACES, 124A. 
controlled atmospheres, 125.4, 
Dressler, 1244. 
electric, 124A. 
temperature control, 132A. 

MALLEABLISING Process, effect of 

hydrogen, 125A. 


S 
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MANGANESE : 
conservation in steel-making, 155A. 
determination im iron and steel, 
227A., 229A. 
distribution between metal and 
slag in open-hearth process, 
49A. 
effect in alloy steel, weldability, 
58A. 
effect in annealed steel, 
solubility, 216A. 
effect in carbon steel, 55A. 
effect in carbon steel, hardenability, 
100A. 
effect in cast iron, carbon satura- 
tion, 135A. 
effect in hardened steel, 217A. 
effect in hypereutectoid steel, har- 
denability, 103A. 
effect in steel, 324. 
effect in tinning of steel, 264. 
MANGANESE-MOLYBDENUM STEEL : 
effect of autogenous deseaming, 
21A. 
properties, 31A., 324. 
MANGANESE ORE DEPOSITS : 
Brazil, 37A. 
Costa Rica, 1A. 
MANGANESE-SILICON STEEL : 
effect of tempering temperature, 
219A. 
properties, 140A. 

MANGANESE - SILICON - VANADIUM 
STEEL, properties, effect of 
autogenous deseaming, 214. 

MANGANESE STEEL : 

effect of chromium, 103A. 

effect of copper, 1034. 

effect of nickel, 103A. 

effect of tempering temperature, 
219A. 

hardenability tests, 177A. 

properties, 103A., 1814. 

scaling, 46P., 48P. 

strain hardenability, 984. 

tensile tests, notched bar, 954. 

transformations, effect of cold 
work, 184A. 

wear, effect of temperature, 215A. 

weldability, 166A., 167A. 

MANGANESE-VANADIUM STEEL, effect 
of tempering temperature, 
219A. 

Manrrosa, chrome ore deposits, 114A. 

MARTENSITE : 

graphitisation, 6A. 

graphitisation in cast iron, 122A. 

hardness tests, 214A. 

position of carbon atoms, 221 
Paper. 


carbon 


MEEHANITE : 
grinding and polishing for micro- 
scopic examination, 65A. 
properties, 181A. 
MELTING Points, metals, 884. 
MeEmMBERS, election, 5P. 


METALLOGRAPHIC EXAMINATION, 
grinding and polishing of cast 
iron, 65A. 


METALLOGRAPHIC SPECIMENS : 
preparation, 105A. 
preparation of surface replicas, 


220A. 

METALLOGRAPHY AND CONSTITUTION, 
64A., 105A., 142A., 182A., 
219A. 


METALLURGISTS, training, 1324. 
Merroric Iron, theory, 222A. 
Mexico, foundry practice, 764. 
MICROSCOPES : 
comparison between electron and 
optical for examining steel 
structures, 182A. 
electron, 183A., 220A. 
electron, examination of steel struc- 
tures, 182A., 219A. 
MicroscopicaL EXAMINATION, silica 
refractories, 1A. 
Minerat Resources, 14., 37A4., 
1144., 188A. 
MINETTE ORE : 
sintering, 120A. 
smelting, 120A. 
MINING : 
iron ore, 38A., 115A. 
iron ore, Central Sweden, 1154. 
MOoDELS, use in steel-casting practice, 
718A. 
Mopvutus or Exasticiry, steel, effect 
of temperature, 103 Paper. 
MoisturH, determination in coal, 
145A. 
MoLyBDENUM : 
determination 
69A. 
determination in iron and steel, 
227A. 
determination in ores, 69A. 
distribution between cementite and 
forrite in steel, 107A. 
effect in steel, 324. 
effect in steel, austenite trans- 
formation, 107A. 
effect on carbon diffusion in 
austenite, 107A. 
occurrence and uses, 114A. 
MoryspEenum Huiau-SPEED STEEL, 
heat treatment, 874. 
MonyspENUM-NICKEL STEEL, 
burisation, 85A. 


in alloy steel, 


car- 
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MoLyBDENUM STEEL : 
carburisation, 85A. 
properties, 104A4., 219A. 
properties at high temperatures, 
944 


welded, cooling rate, 209A. 
Monet Metau-Ciap STEEL, welding, 
134A. 
Mortars, refractory, consistency, 


Movunp Facies, 199A. 
MovuLpine SAND: 


NICKEL (contd.)— 
electrodeposition, 254. 
production in Sweden, 42A. | 
yield point, 155P. 
NIcKEL-CLAD STEEL, welding, 134A. 
NickeL Coatines, hard, 25A. 
NickeL Orr Depostts, Brazil, 37A. 
NICKEL STEEL : 
carburisation, 85A. 
elasticity modulus, effect of tem- 
perature, 103P. 
sealing, 46P., 48P. 


behaviour in contact with molten 
metal, 126A. 

control, 79A., 199A. 

effect of fuel oil, 198A. 

effect of sea coal, 198A. 

expansion and contraction, 784., 
79A 


for steel castings, 7A. 

permeability, 8A. 

properties, 7A., 154A. 

properties at high-temperatures, 
8A 


sintering, 198A. 

sintering, examination by electron 
microscope, 153.4. 

sintering tests, 78.4. 

synthetic, drying, 199.4. 

thermal expansion, 8A. 

use of bentonite, 8A. 

use of fullers’ earth, 7A. 


Moutps : 


for glass industry, use of cast iron, 
33A. 


sand, metal penetration, 1544. 


““Nacconot NR,” for cleaning metals, 


90A. 

NatTIoNAL EMERGENCY STEEL: 

hardenability, 1034., 140A., 155A., 
180A. 

mechanical working, 160A. 

properties, 314., 32A., 63A., 103A., 
180A., 219A. 


Ni-Cars Proosss of case-hardening, 


NICKEL : 


determination in iron and steel, 
229A. 

effect in alloy steel, weldability, 
58A 


effect in cast-iron welding rods, 
‘133A. 

effect in chromium-manganese steel, 
218A. 

effect in hypereutectoid steel, har- 
denability, 103.4. 

effect in manganese steel, 103A. 

effect in steel, 324. 


tensile tests, notched bar, 95A., 
211A. 
NickEL-TirantuM STEEL, yield point, 
149P. 
NIGERIA, tungsten ore deposits, 114A. 
Nioptum. See Columbium. 
NITROGEN : 
behaviour in basic are furnaces, 
156A. 
effect in alloy steel, weldability, 
388A 


effect in chromium-manganese steel, 
222A, 
effect in chromium-nickel steel, 
140A. 
effect in chromium steel, 222A. 
solubility in pure iron, 83A. 
Non-Frerrous Merrats, yield point, 
154P. 
NorMALISING, axles, effect on fatigue 
strength, 97A. 
NoRRBOTTEN, steel plant, 120A. 
NorTHERN RHODESIA, mineral re- 
sources, 1884. 
NortHrorp Arrcrart, Inc., Heliarc 
method of welding, 165A. 
NovrcuHEs : 
effect on tensile strength, 964., 
2114. 
effect on welded joints, fatigue 
strength, 57A. 


On, recovery from turnings, 129A. 
Oi, Furt, effect in moulding sand, 
198A. 
OpEN-HARTH FURNACES : 5 
arch design, 203A. 
basic, development, 10A. 
Seely with glass furnaces, 


control, 394A. 

design, 242P. 

regenerators, utilised heating sur- 
face of checkers, 814. 

slag control, 267P. 

use of carburetted gas, 118A. 

use of coke-oven gas, 47A. 

use of tar and coke-oven gas, 237P. 
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OrEN-HEARTH PRACTICE : 
basic, 10A., 47A., 127A. 
basic, Australia, 233 Paper. 
basic, pig-iron charges, 104. 
basic, use of cold metal charges, 
128A. 
use of graphite, 156A. 
OPEN-HEARTH PROCESS : 
acid, 49A. 
distribution of manganese and 
sulphur between metal and 
slag, 494. 
iron oxide content of bath, 50A. 
ORE-LOADING MACHINES, pneumatic, 
air consumption, 115A. 
ORES : 
concentration and crushing, 188A. 
determination of molybdenum, 
69A. 
mining and treatment, 384., 115A., 
188A. 
OXIDATION : 
steel, 43P. 
See also Scaling. 


OxipE COATINGS, corrosion resist- 


ance, 172A. 

Ox1DE Fiums, formation and stability, 
86A. 

OXYGEN : 


determination in gas, 229A. 
dissolved in water, effect on corro- 
sion of steel, 674. 
effect in alloy steel, weldability, 
58A. 
OxyGEN-Siticon Equi1BRt4 in liquid 
iron, 83A. 


Pant method of spraying resin on 
steel, 174A. 
PAINTED STEEL, corrosion, 354. 
PAINTING, steel, scale removal, 168A. 
PAINTS : 
protective and antifouling, marine 
corrosion tests, 352P. 
use of chromates, 28A. 
use of pigments, 284. 
-use of red lead, 28A. 
zinc-chromate, effect on welding of 
steel, 884. _ 
PATENTING : 
electric, wire, 130A. 
wire, 162A. 
PATTERNS : 
foundry, 126A. 
wood for, 199A. 
PEARLITE, nucleation and growth, 
66A. 
PENTRATE Process for 
metals, 914. 
PETROL, corrosion, 664. 


coating 


SRR InpustRy, use of steel, 
PHOSPHATE COATINGS, use in silver 
plating of steel, 172.4. 
PHOSPHORUS : 
effect in alloy steel, weldability, 58A. 
effect in carbon steel, hardenability, 
100A. 
effect in cast iron, 201A. 
effect in cast iron, carbon satura- 
tion, 135A. 
effect in cast iron, growth, 218A. 
effect in cast iron welding rods, 
133A. 
effect in steel, 32A. 
effect in tinning of steel, 26A. 
in iron ore, changes in content 
during concentration, 384. 
PHOTOMETERS : 
Fisher, 228A. 
photoelectric filter, effect of stray 
light, 227A. 
PICKLING : 
cathodic, 22A. 
wire, 90A. 
Pickiine Liquor, utilisation, 90A. 
PIcKLING PLANTS, increase of output, 


22A. 

Pickrinc Tanks, heating by sub- 
merged combustion, 224., 
168A. 


PiemEnts, for protective paints, 28A. 
Pires, water, corrosion, 111A. 


Preis, VittARES & CrA., foundry 
plant, 77A. 

Piston Runes, centrifugal casting, 
122A. 


Prrcu, use for carburetting gas, 118A. 
PratE Mitts, electric driving, 160A. 
PLATES ; 

descaling, 22.4. 

ship, weathering, 496P., 427P. 


steel, hardness, effect of cold- 
rolling, 964. 
POLISHING : 
cast iron for metallographic exami- 
nation, 65A. 


electrolytic, 142A., 2214. 
electrolytic, aluminium, 1064. 
electrolytic, steel, L05A. 
metallographic, galvanised steel, 
106A. 
Porosity, in steel castings, preven- 
tion by ‘‘ padding,” 200A. 
Porosrry Tssts, tin coatings, 173.4. 
PorTLAND Force & FOUNDRY Co., 
shell forging practice, 160A. 
Porasstum SiuicaTes, in welding 
electrode coatings, effect on 
weld metal, 57A. 
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PowpER MerTatiurey, 5A., 43A., 
15A., 197A. 


PowpER PATTERNS, iron crystals, 
221A. 


POWDERS : 
iron, pressing and sintering, 75A. 
mineral, analysis, 227A. 

PowER, requirements of strip mill 
auxiliaries, 53A. 
PRECIPITATION HARDENING, 

columbium alloys, 634. 
PrREsSING, steel, 130A. 
PRESSURE, atmospheric, use in gating 

of castings, 77A. 
PRODUCER Practice, 119A., 1514. 
PRODUCERS : 
bituminous coal for, 40A. 
reactions, 40A. 
PROPANE : 
use for cutting metals, 210A. 
use for flame hardening, 15A. 
PROPANE-ACETYLENE MIXTURES, use 
for flame hardening, 154A. 
PULVERISED Coat. See Coal, pul- 
verised. 
Pyrnometry, 54A., 131A., 205A. 


iron- 


QUASI-BESSEMERISING PRocsss, 80A. 
QuENCH-CRACK SENSITIVITY, steel, 
effect of elements, 324. 


RADIATORS, corrosion, 67A. 
RADIOGRAPHS, stereoscopic, for detec- 
tion of flaws in metals, 106A. 
RADIOGRAPHY : 
school at Kodak Works, 221A. 
use of gamma rays, 142A. 
Rats, fracture, 137A. 
Rattway EquieMEent, welding, 574. 
REACTIONS : 
Bessemer process, 9A., 127A. 
gas producers, 40A. 
ReEpvction, low-temperature, magne- 
tite, 196.4. 
Rerractory Matmriats, 1A4., 734., 
116A., 1494., 190A. 
action of chlorine, 73.4. 
for Bessemer converters, 116A., 
A. 
for blast furnaces, 190.4. 
for ladles, 149A., 191A. 
for soaking pits and reheating 
furnaces, 2.4. 
thermal conductivity, 73A. 
REFRACTORY MATERIALS (CHROMITE), 
properties, 190.4. 
Rerractory MatTerrars (ForstTer- 
ITE), production from Shet- 
land serpentine rock, 116A. 


Rerracrory Marerrars (Smz1ca), 
microscopical examination, 
14 


Rerractory Mareriats (SILICA 
Bricks), thermal expansion, 
190A. 

REFRACTORY Mortars, consistency, 
74A. 

REGENERATORS, utilised heating sur- 
face of checkers, 814. 

REHEATING FURNACES : 

construction and operation, 118A. 
control, 39A. 5 
efficient operation, 39A. 

heat transfer, 117A. 

refractory materials, 2A. 
underfeed stokers, 149A. 

use of pulverised coal, 193A. 

See also Soaking Pits. 

REINFORCEMENT BARs, 
140A. 

REPUBLIC STEEL CORPORATION, blast- 
furnace plant, 194A4., 195A. 

RESEARCH, industrial, in Gt. Britain, 
182A. 

RESIN : 

spraying on steel, Pahl method, 
174A. 


properties, 


use for determining stresses, 96A. 
RESISTIVITY : 
electrical, annealed steel, 2164. 
electrical, carbon steel, effect of 
precipitated carbide, 217A. 
electrical, metals, effect of tempera- 
ture, 30A. 
RimMiInG STEEL : 
Bessemer, manufacture and com- 
position, 124. 
carbon diffusion, 114. 
composition variation, 114A. 
production, 273P. 
Romine : 
cold, effect on carbon steel, hard- 
ness, 177A. 
cold, effect on chromium-nickel 
steel, 136.4. 
cold, oe on steel plates, hardness, 


cold, effect on transformer steel, 
1364. 


Rowiine-Mint PLAnt : 
Broken Hill Proprietary Co., 144. 
Commonwealth Steel Co., 13A. 
Steel Company of Canada, 160A. 

Rotime-Mri Practice, 134., 534., 

I31A., 160A. 

Roxiiine Mitts : 
bearings, maintenance, 1314. 
effect of output on costs, 144. 
hard-facing of equipment, 564. 
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RoLiine Mix1s (contd.)— 
motors, 53A. 
plate, electric driving, 160A. 
sheet, 13.4. 
strip, 13A., 144. 
strip, power requirements of auxili- 
aries, 53A. 
strip, roll pressures, 54A. 
strip, Sendzimir, 14A., 162A. 
strip, Simons, 544. 
tube, maximum reduction of ma- 
terial, 14A. 
ROLLs : 
backing-up, construction, 52A. 
ealibration, 54A. 
calibration for channels, 131A. 
grinding, 161A. 
ee oe aue: reduction in weight, 
8A. 


RUSSIA : 
coal deposits, 1A. 
iron ore deposits, 14. 
mineral resources, 37A. 
Rust-REsISTANT STEEL, properties, 
634 


RustiLEss MrNnine CoRPORATION, con- 
eentration of chrome ore, 
188A. 


S-CuURVES : ; 
eutectoid and hypereutectoid steel, 
107A. 
steel, 206A. 
Saar Coat, coking properties, 40A.., 
193A. 


Sanur Bato FuRNACES, temperature 
control, 205A. 
SCALE : 
effect on corrosion of metals, 354. 
removal, Drei-Brite process, 914. 
removal from steel prior to paint- 
ing, 168A. 
SCALING : 
heat-resistant steel, 564, 
prevention in steel, by packing in 
cast-iron borings, 16A. 
steel, 43P. 
ScHEELITE ORE, concentration, 1894. 
ScHOFIELD QvicK-ImMMERSION ME- 
THOoD for measuring tempera- 
tures of liquid steel, 554. 
SCRAP : 
alloy steel, use, 1284. 
consumption in United States, 
189A. 
galvanised, dezincing, 11A. 
rapid identification tests, 1404. 
recovery from slag, 114. 
utilisation, 82A. 


SEA WATER : 
corrosion of steel, 401P. 
recovery of magnesia, 73A., 190A. 
‘* SENDUST,’’? magnetic permeability, 
178A. 
SEnDzImiIr Strip Mitt, 14A., 162A. 
SHEAR SrRENGTH, steel, effect of 
welding, 178A. 
SHEET Mirts, 134. 
SHEETS : 
electro-galvanising, 254A. 
stainless steel, welding, 58A. 
SHELLS : 
forging, 160A. 
heat treatment, 84A. 
trench mortar, casting, 7A. 
SHERARDISING PRrocsss, 169A. 
Sure Prares, weathering, 426P., 
427P. 
Surps, corrosion and fouling, 339P. 
Sures’ Borrom CoMPOSITIONS : 
action of, 414P. 
marine corrosion tests, 352P. 
Sures’ Borroms : 
fouling organisms, 405P., 420P. 
stages in fouling, 411P. 
SHorTER FLAME-HARDENING Ma- 
CHINES, 86A. 
SHor-Bxiast, use for cleaning metals, 
IIA OLAS 
SHRINKAGE, cast iron, 201A. 
Smica Bricks. See Refractory 


Materials. 
Sizrtco-ALUMINIUM, production in 
Sweden, 424A. 
Sintco-CaxLcrum, production in Swe- 
den, 424. 


Stnico-MANGANESE, production in 
Sweden, 424. 
SILICON : 
determination in mineral powders, 
227A. 
effect in alloy steel, weldability, 
58A. 
effect in annealed steel, carbon 
solubility, 216A. 
effect in cast iron, graphitisation, 
124A. 
effect in cast-iren welding rods, 
133A. . 
effect in hardened steel, 217A. 
effect in hypereutectoid steel, har- 
denability, 103A. 
effect in steel, 32A. 
effect in tinning of steel, 264. 
heat of solution in iron, 109A. 
Sinicon STEEL, sealing, 46P., 48P. 
Srrumin, use for tuyere construction, 
162A. 
| Strvpr, yield point, 158P. 
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SILVER COATINGS : 
adherence on steel, 92A. 
structure, 92A. 
SILVER PLATING, on steel over phos- 
phate coatings, 172A. 
Simons Strip Mr, 544. 
SINTER, use in blast-furnaces, 39A. 
SINTERING : 
blast-furnace, flue dust, 120A. 
iron ore, 39A., 189A. 
Minette ore, 120A. 
moulding sand, 78A4., 198A. 
moulding sand, examination by 
electron microscope, 153A. 


SLAG : 

acid, desulphurisation of iron, 
4A. 

basic, solidification and structure, 
158A. 

blast-furnace. See Blast-Furnace 
Slag. 

control in acid electric furnaces, 
82A. 

control in open-hearth furnaces, 
267P. 


equilibria with liquid iron, 824. 
recovery of scrap, 11A. 
viscosity, determination, 41A. 
viscosity, relation to composition, 
82A. 
Staa Bricks, insulating properties, 
4A. 
Siac IncLustons, tessellated stresses, 
193P. 
Siac-MeTaL EQUILIBRIA, 824. 
Sire PLanszs, formation, 100A. 
SMELTING : 
fine ores, 151A. 
iron ore, 195A. 
Minette ore, 120A. 
SoaKing Pirs ; 
refractory materials, 2A. 
See also Reheating Furnaces. 
Soprum Sixicats, in welding electrode 
coatings, effect on weld metal, 
57A. 
SOLIDIFICATION, steel castings, 125A. 
SOLUBILITY : ; 
carbon in annealed steel, effect of 
manganese and silicon, 216A. 
steel in molten lead, 185A. 
Sotvents, for degreasing metals, 
21A. 
AFRICAN COAL, 
193A. 
SoutH ArricaNn [Ron & Steen Corp., 
plant, 203A. 
SoutH AMERICA, mineral resources, 
1A. 
Soura Watzs, cleaning coal, 3A. 


SourH blending, 


SPECIFICATIONS : 
aircraft steel, American, 31A. 
electric cranes, American, 14A. 
galvanised wire ropes, British, 
140A. 
interpretation, 105A. 
stainless steel welding electrodes, 
American, 56A. 
welding of boilers, 19A. 
SPECTROGRAPH : 
application to steelworks analysis, 
299 Paper. 
applications, 1444. 
SPECTROPHOTOMETRIC MertHop for 
the determination of iron, 


229A. 
SprectRuM ANALYSIS, 299 Paper, 
227A. 
determination of alumina in steel, 
145A. 


iron and steel, 144A. 
SPEKKER PHoTO-ELECTRIC ABSORP- 
TIOMETER, 68A. 
SPEKKER STEELOSCOPE, 684. 
SPIEGELEISEN, production in Sweden, 
424. 
SPIGERWERK PLANT, electric smelting 
of iron ore, 195A. 
Sronce Iron. See Iron Sponge. 
Spor Tests, for identification of 
coatings, 228A. 
SPRAYING : 
metals, 28A. 
resin on steel, Pahl method, 1744. 
zine, 169A. 
SPRINGS, valve, manufacture, 162A. 
STAINLESS STEEL : 
cold-rolled, use in aircraft con- 
struction, 644. 
effect of cold-rolling, 136A. 
hard facing, 194. 
oxide film formation, 864A. 
penetration of molten metals, 216A. 
welding, 133A. 
welding, Heliarc method, 165A. 
STAINLESS STEEL SHEETS, welding, 
58A. 
STAMPINGS, uses, 844. 
STEEL : 
abrasion resistance, effect of ele- 
ments, 32A. 
acid-resistant, properties, 634. 
ageing, 178A. 
aircraft, cracking, effect of welding 
gas composition, 18A. 
aircraft, hardenability, 97A. 
aircraft, heat treatment, 174. 
aircraft, properties, 103A. 
aD specification, American, 
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STEEL (contd.)— 


aircraft, welding, 89A. 

alloy, carburisation, 854. 

alloy, determination of sulphur and 
molybdenum, 69A. 

alloy, effect of elements, system for 
indicating favourable or un- 
favourable effects, 100A. 

alloy, machinability, effect of hard- 
ness, 98A. 

alloy, manufacture, 80A. 

alloy, properties at low tempera- 
tures, 180A. 

alloy, rationalisation, 139A. 

alloy, spectrum analysis, 314P. 

alloy, welding, 57A., 207A. 

alloy (low), properties, 103A. 

alloy (low), tensile tests, notched- 
bar, 95A., 211A. 

annealed, carbon solubility, effect 


of manganese and silicon, 
216A. 

annealed, electrical resistivity, 
216A. 


anodic treatment, 106A. 

austenite formation, 109A. 

austenite transformation, effect of 
molybdenum, 107A. 

austenitic, effect of cold-working, 
transformations, 183A. 

blueing, 914A. 

carburising, properties, 63A. 

case-hardened, hardness 
VEHAS 

case-hardening, 2064. 

case-hardening, properties, 181A. 

cast, properties, 604. 

clad, production, 171A. 

clad, welding, 134A. 

coefficient of expansion, 884. 

corrosion by flue gases, 223A. 

corrosion, effect of scale, 35A. 

corrosion in sea water, 401P. 

corrosion in water containing dis- 
solved carbon dioxide and 
oxygen, 67A. 

corrosion in water and petrol, 664. 

corrosion-fatigue, effect of zinc, 
131 Paper. 

corrosion rate, determination, 674. 

corrosion-resistance, effect of chro- 
mium, 32A. 

corrosion resistance, effect of ele- 
ments, 32A. 

corrosion-resistant, properties, 634. 

creep, effect of chromium, 32A. 

decarburisation, weight changes, 
16A. 

drawing, stress-strain measure- 
ments, 94A. 


1943—i 


tests, 


STEEL (contd.)— 

dynamo, effect of cold-rolling and 
annealing, 136A. 

effect of tempering temperature, 
218A. 

effect of tin, 104A. 

elasticity modulus, effect of tem- 
perature, 103 Paper. 

electrolytic polishing, 105A. 

En, properties, 32A. 

flake formation, 196P. 

galvanised, metallographic polish- 
ing, 106A. 

gear, properties, 31A., 219A. 

grain size, effect of initial structure 
and rate of heating, 1084A., 
184A. 

graphitisation, effect of tessellated 
stresses, 201 Paper. 

hardenability, calculation from com- 
position, 29A. 

hardenability, Jominy end-quench 
test, 62A., 97A., 177A. 

hardened, effect of manganese and 
silicon, 217A. 

hardened, structure, effect of tem- 
pering temperature, 182A. 

hardening direct from rolling, 564., 
164A. 

hardening, formation of tessellated 
stresses, 189P. 

heat-resistant, properties, 634. 

heat-resistant, scaling, 564. 

heat-resistant, welding, 89A. 

high-tensile, spot welding, 1354. 

hydrogen in, pressures developed, 
99A. 

hypereutectoid, hardenability, effect 
of grain size and elements, 
103A. 

impact casting, 524. 

inclusions, Fitterer’s method of 
determination, 129A. 

lead-bearing, determination of lead, 
229A. 

lead-bearing, etching, 220A. 

liquid, temperature measurement, 
Schofield quick-immersion me- 
thod, 55A. 

machinability, eftect of elements, 
832A. 

melting point, 88A. 

National Emergency, hardenability, 
103A., 140A., 155A., 180A. 

National Emergency, mechanical 
working, 160A. } 

National Emergency, properties, 
31A., 634,, 103A., 1804., 
219A. 

oxidation, 43P. 


wm 
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SUBJECT 


STEEL (conid.)— 


L 


STEEL CastTrnGs. 


painted, corrosion, 35A. 

production, 9A., 464., 804., 127A., 
155A., 202A. 

production in electric furnaces, 
651A. 

production in graphite rod resistor 
furnaces, 157A. 

production, time factor in, 9A. 

properties at high temperatures, 
30A. 

quench-crack sensitivity, effect of 
elements, 32A. 

rimming, Bessemer, manufacture 
and composition, 124. 

rimming, carbon diffusion, 114. 

rimming, composition variation, 
11A. 

rimming, production, 273P. 

shear strength and hardness, effect 
of welding, 178A. 

silver coatings, adherence, 924. 

silver plating over phosphate coat- 
ings, 172A. 

solubility in molten lead, 1854. 

strength under biaxial fatigue 
stresses, 176A. 

structural, properties, 59A. 

structure, examination with elec- 
tron microscope, 219A. 

substitute, 1794. 

substitute, weldability, 88A., 207A. 

tempered, state of carbon, 183A. 

tensile strength, calculation from 
composition, 210A. 

tessellated stresses, 173P. 

toughness, effect of elements, 32A. 

transformer, effect of cold-rolling 
and annealing, 136A. 

use in petroleum industry, 314. 

wear, at high and low temperatures, 
215A. 

weldability, 168A. 

weldability, effect of grain size, 
213A. 

welded, hardenability, 212.4. 

welded, properties at low tempera- 
tures, 214A. 

welding, effect of zinc chromate 
paint, 884. 

yield point, 145 Paper. 

See Castings. 


STEEL Company or CanapA, plate 


mills, 1604. 


STEEL PLANTS : 


Australian Iron and Steel, Ltd., 
233 Paper. 

J. Beardshaw & Son, Ltd., 1554. 

Dominion Foundries and Steel, 
Ltd., 203A. 


StrREss-STRAIN 


StRErcH-FoRMING, 


STROHLEIN Apparatus, for 


INDEX. 


SreEL PLANTS (contd.)— 


lighting, 524. 

Norrbotten, 120A. 

South -African Iron and 
Industrial Corp., 203A. 

Taylor-Wharton Iron and Steel 
Co., T5A. 


Steel 


STELLITE : 


coefficient of expansion, 884. 
melting point, 884. 


STEREO-RADIOGRAPHY, for detection 


of flaws in metals, 106A. 


SroxERs, underfeed, use in heating 


furnaces, 149A. 


STRAIN HARDENABILITY, Manganese 


steel, 98A. 


Srress, determination, use of resin, 


96A. 
Curves for steel, 


174A. 


Srress-STRAIN MEASUREMENTS dur- 


ing drawing of metals, 944. 


StrEss-StTRAIN RELATIONSHIP in high- 


temperature tensile tests, 99A. 


STRESSES : 


biaxial fatigue, strength of steel 
under, 176A. 

in crankshafts, extensometer for 
studying, 29A. 

internal, effect in welded joints, 
fatigue strength, 574, 

internal, in metals, 175A. 

residual, in axles, correlation be- 
tween fatigue strength, 29A. 

residual, effect in chromium-molyb- 
denum steel tubes, welding, 
88A. 

tessellated, 173 Paper. 

tessellated, effect in steel, graphiti- 
sation, 201 Paper. 

thermal, in ingot moulds, 75 Paper. 


aircraft parts, 
84A. 


STRIP : 


chromium-nickel steel, 
cold-rolling, 136A. 

cold-rolled, annealing, 212A. 

electrogalvanising, 254. 

galvanising, 264. 

tinning, 27A. 

welding, 20A. 


effect of 


Strip Mitts, 14.4. 


design, 134. 

power requirements of auxiliaries, 
534. 

roll pressures, 544. 

Sendzimir, 144., 162A. 

Simons, 544. 

deter- 

mination of carbon, 68A. 
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STRUCTURAL STEEL, properties, 59A. 
STRUCTURE : 
carbon steel, 1824. 
east iron, 76A. 
coal, 192A. 
electrolytic iron, effect of elements, 
102A. 
hardened steel, effect of tempering 
temperature, 182A. 
initial, effect on grain size, 1084., 
184A. 
silver coatings, 924. 
steel, examination with electron 
microscope, 219A. 
StyrRiA, blast-furnace practice, 151A. 
SUBMERGED CoMBUSTION METHOD of 
heating pickling tanks, 168A. 
SusstitutE Coatines for tinplate, 
27A. 
SUBSTITUTE STEELS, 179A. 
weldability, 88A., 207A. 
SULPHUR : 
determination in alloy steel, 69A. 
distribution between metal and 
slag in open-hearth process, 
49A. 
effect in alloy steel, weldability, 
58A. 
effect in carbon steel, harden- 
ability, 100A. 
effect in steel, 32A. 
removal from gaseous fuel, 43 
Paper. 
Suuzer System of cooling coke, 119A. 
SuRFACE FINIsH, journals, 138A. 
SWEDEN : 
flotation of hematite, 116A, 
iron ore mining, 115A. 
manufacture of iron, 195A. 
manufacture of metals and alloys, 
42A. 
specification for welding of boilers, 
19A. 
steel plant at Norrbotten, 120A. 
Swiss Srate Rartways, welding 
practice, 57A. 
SwircH Guar, use of steel-backed 
copper, 162A. 
SwirzERLAND, specification for weld- 
ing of boilers, 19A. 


Tar, use in open-hearth furnaces, 
Dei plee 
TAYLOR-WHARTON IRON AND STEEL 
Co., plant, 75A. 
TEMPERATURES : 
control in galvanising kettles, 
171A. 
control in malleablising furnaces, 
132A. 


TEMPERATURES (contd.)— 


control in salt-bath furnaces, 205A. 

determination in interior of ingots, 
73P. 

effect on electrical resistivity, 30A. 

effect on steel, elasticity modulus, 
103 Paper. 

high, properties of bolts, 2114. 

high, properties of carbon steel, 
211A. 

high, properties of chromium- 
molybdenum-nickel steel, 
211A. 

high, properties of chromium- 
molybdenum steel tubes, 964. 

high, properties of moulding sand, 
78A. 

high, properties of steel, 30A. 

high, tensile strength of molyb- 
denum steel, 94A. 

high, tensile tests, stress-strain 
relationships, 99A. 

high, wear of steel, 125A. 

low, deformation of carbon steel, 
136A. 

low, deformation of chromium- 
molybdenum steel, 136A. 

low, deformation of chromium- 
molybdenum-vanadium steel, 
136A. 

low, properties of alloy steel, 180A. 

low, properties of welded steel, 
214A. 

low, wear of steel, 215A. 

measurement, 131A., 205A. 

measurement, British Standard 
code, 205A. 

measurement, liquid steel, Scho- 
field quick-immersion method, 
55A. 

tempering, effect on hardened steel, 
structure, 182A. 

tempering, effect on steel, 218A. 


TEMPERED STEEL, state of carbon, 


183A. 


TEMPERING : 


axles, effect on fatigue strength, 
97A. 
chromium steel, 87A. 


TEMPERING TEMPERATURE : 


effect on hardened steel, structure, 
182A. 
effect on steel, 218A. 


TENSILE-Impact Trusts, 614. 
TENSILE STRENGTH : 


chromium-molybdenum steel tubes, 
88A. 

effect of notches, 96A., 211A. 

molybdenum steel at high tempera- 
tures, 04A. 


26 SUBJECT INDEX. 


TENSILE STRENGTH (contd.)— 
steel, calculation from composition, 
210A. 
TENSILE TESTS : 
high-temperature, _ stress - strain 
relationship, 99.4. 
notched-bar, low-alloy steel, 95A., 
211A. 
steel in liquids, 58A. 
TESTS : 
bursting, tubes, 104A. 
coal, 150A. 
coking, coal, 150A. 
corrosion, Huey, chromium-nickel 
steel, 224A. ; 
corrosion, protective and anti- 
fouling paints, 352P. 
corrosion, ships’ bottom composi- 
tions, 352P. 
creep, 62.4. 
creep, bibliography, 624. 
hardenability, Jominy, 62A., 97A., 


177A. 

hardenability, manganese steel, 
177A. 

hardness, austenite, 2144. 

hardness, case-hardened _ steel, 
177A. 


hardness, files, 97.4. 

hardness, forgings, 138A. 

hardness, martensite, 214A. 

impact, new type of specimen, 
60A. 


porosity, tin coatings, 173A. 
sintering, moulding sand, 78A. 
spot, for identification of coatings, 
228A. 
tensile, high temperature, stress- 
strain relationships, 99A. 
tensile-impact, 614. 
tensile, notched-bar, low-alloy steel, 
95A., 211A. 
tensile, steel in liquid, 584. 
weldability, 165.4. 
zine coatings, 169A. 
Texas, blast-furnace plant, 120A. 
THERMAL CONDUCTIVITY : 
metals, 304. 
refractory materials, 73A. 
weld metal, 17A. 
THERMAL EXPANSION : 
moulding sand, 8A. 
silica bricks, 190.4. 
THERMOCOUPLES : 
calibration, 55.A. 
platinum /rhodium-platinum, 
bration, 205 Paper. 
THERMO-ELECTRIC POWER, pure iron, 
121 Paper. 
THyssEen Htrrs, development, 94. 


cali- 


Time, effect in steelmaking pro- 
cesses, 9A. : 
Time Sruprs in foundries, 764,- 
198A. 
Tin: 
effect in carbon steel, hardenability, 
100A. 


effect in steel, 104A. 
electrodeposition, 934. ; 
electrodeposition, use of potassium 
stannate bath, 93A. 
production in Sweden, 424. 
supply and consumption in United 
States, 27A. 
Trin CoaTINGs : 
effect of elements in steel, 26A. 
for wire, 234A. 
porosity tests, 173A. 
TINNING, strip, 27A. 
TINPLATE : 
quality, effect of various factors, 
27A., 171A; 
substitute coatings for, 27A. 
See also Food Containers. 
TITANIUM : 
determination in chromium steel, 
145A. 
effect in tinning of steel, 26A. 
TrraniuM STEEL, yield point, 148P. 
ToBIN Bronze, molten, penetration 
in stainless steel, 216A. 
Toou STEEL : 
conservation of tungsten and vana- 
dium, 156A. 
grinding, 210A. 
hardening, 85A., 874. 
manufacture in United States, 
51A. 
Toots : 
cutting, brazing on of carbide tips, 
166A. 
cutting, for taking metallographic 
specimens, 105A. 
cutting, reconditioning, 166A. 
cutting, welding of high-speed steel 
tips to carbon-steel shanks, 
208A. 
tipped, 90A. 
TouGHNEss, steel, effect of elements, 
32A. 
TRANSFORMATION : 
austenite in steel, effect of molyb- 
denum, 107A. 
austenitic steel, effect of cold work- 
ing, 183A. 
iron-cobalt-tungsten alloys, 107A. 
TRANSFORMER STEEL, effect of cold- 
rolling and annealing, 136A. 
TRIPLEX Process for manufacture of 
steel castings, 46.4. 
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- Tuner Mints, maximum reduction of 
material, 144. 
TUBES : 
boiler, corrosion, 112A. 
brazing, 584. 
bursting tests, 1044. 
chromium-molybdenum steel, pro- 
perties at high temperatures, 
964A. 
chromium-molybdenum steel, weld- 
ing, effect of residual stress, 
88A. 
welded, chromium-molybdenum 
steel, tensile strength, 884. 
welding, 19A., 165A. 
welding, combination of resistance 
welding and hammering, 204A. 
welding, Johnston process, 204. 
TUNGSTEN, conservation in tool steel, 
156A. 
TUNGSTEN ORE, concentration, 1144., 
189A. 
TUNGSTEN ORE DEPOSITS : 
Canada, 114A. 
Nigeria, 114A. 
TURBINE BLADES, cavitation, effect 
of air content of water, 185A. 
TuRBO-BLOWERS, 44. 
TURNINGS : 
briquetting, 1214. 
melting, 129A., 157A. 
oil recovery, 129A. 
TUYVERES, use of aluminium, Silumin 
and steel-backed copper, 162A. 
TYRES : 
cast steel, use for Diesel loco- 
motives, 181A. 
fracture, 137A. 
TysLAND-HotE ELectTric FURNACE, 
195A. 


UKRAINE : 
coal deposits, 1A. 
iron ore deposits, 1A. 
Unrra-VIoLer LIGHT, examination of 
core oils and core binders, 8A. 
UnitTED KINGDOM : 
industrial research, 1824. 
iron ore deposits, 1A. 
specification for galvanised wire 
rope, 140A. , 
specification for welding of boilers, 
19A. 
UNITED STATES : 
charcoal iron industry, history, 
chrome ore deposits, 188A. 
drop-forging practice, 844A. 
iron ore, pig iron and scrap situa- 
tion, 189A. 
manufacture of tool steel, 51A. 


6A. 
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UNITED STATES (conid.)— 


specification for aircraft steel, 
31A. 

specification for electric cranes, 
144. 

specification for stainless steel 


welding electrodes, 564. 

specification for welding of boilers, 
19A. 

supply and consumption of tin, 
a7 ; 

work of War Production Board, 
193A. 

Unitep States BurEAu oF MINEs, 
coal-testing plant, 150A. 
Upper SinestA, methods of improving 
blast-furnace coke, 3A. 

Uran, iron and steel plant, 464. 


Vawuation, blast-furnaces charges, 
121A. 
VALVE SPRINGS, manufacture, 162A. 
VALVES, aircraft engine, chromium- 
manganese-nickel steel for, 
141A. 
VANADIUM : 
conservation in tool steel, 156A. 
determination in iron and steel, 
227A., 229A. 
effect in carbon steel, hardenability, 
100A. 
effect in steel, 32A. 
recovery from iron, 414. 
VANADIUM-BEARING STEEL, proper- 
ties, 216A. 
VENEZUELA, mineral resources, 384. 
VISCOSITY : 
slag, determination, 41A. 
slag, relation to composition, 82A. 
VoLatTiLeE Marrer, determination in 
fuel, 69A. 


W.O. No. 1 Process for coating 
metals, 91A. 
War Propuction Boarp (U.S.A.), 
creation and work, 193A. 
WATER : 
corrosion of steel, 66A. 
effect in lubricating oil, 162A. 
Water Tanks, cathodic protection, 
185A. 
WEAR: 
blast-furnace linings, 2A. 
metals, 304. 
steel, at high and low temperatures, 
215A. 
Weup-Forcineé, 207A. 
WeELtpD METAL : 
effect of silicates in electrode coat- 
| ing, 57A. 
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WELD Merat (contd.)— 
hardness, effect of composition, 
19A. 
quality deposited by different 
electrodes, 209A. 
thermal conductivity, 17A. 
WELDABILITY : 
manganese steel, 166A., 167A. 
steel, 168A. 
steel, effect of grain size, 213A. 
substitute steel, 884., 207A. 
WELDABILITY TEsts, 165A. 
WELDED JOINTS : 
fatigue strength, bibliography, 294. 
fatigue strength, effect of notches 
and internal stresses, 57A. 
molybdenum steel, effect of cooling 
rate, 209A. 
WELDED STEEL : 
hardenability, 212A. 
properties at low temperatures, 
2144. 
WELDED TUBES : 
chromium-molybdenum steel, pro- 
perties at high temperatures, 
96A. 
chromium-molybdenum steel, ten- 
sile strength, 88A. 
WELDING : 
alloy steel, 57A., 207A. 
armour plate, 208A. 
boilers, specifications, 194. 
bomb casings, 208A. 
cast iron, 17A., 208A. 
chromium - molybdenum - silicon 
steel, 89A. 
chromium-molybdenum steel, 894. 
chromium-molybdenum steel tubes, 
effect of residual stress, 884. 
chromium-nickel steel, 894. 
chromium steel, 584., 89A. 
clad steel, 1344. 
effect on steel, shear strength and 
hardness, 178A. 
electric arc, 17.A. 
heat-resistant steel, 89.4. 
metallurgy, 164A., 165A. 
oxy-acetylene, calculation of excess 
acetylene, 194. 
railway equipment, 57A. 
spot, chromium-molybdenum steel, 
166A. 
spot, high-tensile steel, 135.4. 
stainless steel, 133A. 
stainless steel, Heliare method, 
165A. 
stainless steel sheets, 584. 
steel, effect of zinc-chromate paint, 
88A. 
strip, 20A. 


WELDING (conid.) 
tubes, 19A., 165A. 
tubes, combination of resistance 
welding and hammering, 20A. 
tubes, Johnston process, 20A. 
wrought iron, 207A. 
WELDING ELECTRODES : 
effect of silicates in coating on 
properties of weld metal, 57A. 
properties, 1344. ' 
stainless steel, specification, Ameri- 
ean, 56A. 
WELDING Fiuxss, 894A. 
WELDING Gas, composition, effect on 
crack formation in steel, 18A. 
WELDING Rops, cast iron, effect of 
elements, 133A. 
WELDs : 
butt, fatigue strength, 176A. 
fish-eye formation, effect of hydro- 
gen, 99A. 
spot, control and inspection, 134A. 
WESTERN AUSTRALIA, banded iron 
formations, 1A. 
WESTPHALIA, first coke blast-fur- 
nace, 434A. 
WHEELABRATOR, 91A. 
Wisere Merson for production of 
sponge iron, 195A. 
WILLIAMS PRIZE : 
awarded to A. Jackson, 4P. 
awarded to R. L. Knight, 3P. 
WIRE : 
coating, hot-dip method, 23A. 
drawing, heat-treatment of dies, 
85A. 
drawing, origin of dies, 53A. 
drawing, temperature changes and 
energy conditions, 204A. 
drawing, temperature rise of wire, 
204A. 
drawing, truing of dies, 134. 
drawing, use of sintered carbide 
dies, 160A., 204A. 
effect of deformation, grain size and 
carburising treatment on na- 
ture of zine coatings, 26A. 
effect of drawing on properties, 211A. 
effect of heat-treatment and defor- 
mation, 59A. 
electric patenting, 130.4. 
enamelling, 934. 
galvanising, 26A4., 170A. 
patenting, 162A. 
pickling, 90A. 
Wrre Mru1s, 
131A. 
Wire Ropss : 
deterioration and maintenance, 
184A. 


production control, 


SUBJECT INDEX. 29 


WIrreE Ropes (contd.)— 
galvanised, specification, British, 
140A. 
Wroveut [Ron : 
corrosion in sea-water, 402P. 
welding, 207A. 


X-Ray Dirrraction WORK, prepara- 
tion of powder samples, 143A. 
X-Ray EXAMINATION : 
castings, 644. 
metals, 65A., 142A. 


YIELD POINT: 
non-ferrous metals, 154P. 
steel, 145 Paper. 
YouNGStowN SHEET AND TUBE Co., 
sintering plant, 189A. 


ZINC : 
effect on steel, corrosion-fatigue, 


131 Paper. 


ZINC (contd.)— 
electrodeposition, 26A. 
molten, penetration in stainless 
steel, 2164. 
production in Sweden, 42A. 
removal from galvanised scrap, 
11A. 
spraying, 169A. 
Zinc CHROMATE PatntT, effect on 
welding of steel, 884. 
Zinc CHROMATES, use in paints, 284. 
Zinc COATINGS : , 
corrosion, 169A. 
corrosion resistance, effect of im- 
purities, 26A. 
effect of copper, 92A. 
effect of deformation, grain size 
and carburising treatment of 
steel, 26A. 
for wire, 234A. 
marine corrosion tests, 399P. 
production, 169A. 
tests, 169A. 
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NAME INDEX 


ABHOH, W., steelworks cranes, 52A. 

ApeEtson, J. S., welding of tubes, 
204. 

Apgy, G. G. J., electro-galvanising of 
sheet and strip, 25A. 

Arrston, J. B., elected Associate, 7P. 

AITcHISON, R. B., cutting of steel, 
2094. 

ALTPETER, W., behaviour of nitrogen 
in are furnaces, 156A. 
Anprrson, G. H., blast-furnace 

plant in Texas, 120A. 
ANDERSON, J. C., stray light in photo- 


electric filter photometers, 
227A. 
ANDERSON, R. J., annealing of 


malleable cast iron, 124A. 
ANDREW, J. H., hair-line cracks, 12A. 
ANDREW, J. H., A. K. Boss, G. A. 
GeacH and A. G. QUARRELL : 
Paper: ‘‘ The Formation of Hair- 
Line Cracks.—Parts I. and 
II.’ Further Correspondence, 
453P. Authors’ Reply, 456P. 
AntHony, 8.C., elected Associate, 7P. 
Antoniou, A., crack formation in 
welded chromium-molybden- 
um steel, 18A. 
AptER, R. F., flame hardening, 1334. 
Arsusow, M., carbon in tempered 
steel, 183A. 
ARDENNE, M. von, sintering of 
moulding sand, 153A. 
ArREND, A. G., determination of 
inclusions in steel, 129.4. 
AREND, H.: 
effect of grain size on weldability 
of steel, 213A. 
effect of nickel on chromium- 
manganese steel, 2184. 
ARMSTRONG, P. 8., cathodic protec- 
tion of water tanks, 185.4. 
Artus, F. von, pigments in protec- 
tive paints, 28A. 
Asu, E. J., flowability and density of 
moulding sand, 1544. 
ASSOCIATION OFf SuHIps’ COMPOSITIONS 
MANUFACTURERS, discussion 
on First Report of Marine Cor- 
rosion Sub-Committee’s Re- 
port, 428P, 


Austin, C. R.: 
effects of elements and grain size 
on hardenability of steel, 103A. 
effect of elements in iron alloys, 
102A. 
structure of grey cast iron and 
Meehanite, 654. 
AvERY, H.S., creep tests, 62A. 


Bapongs, L., elected Associate, 7P. 

BaGGLeEy, T., elected Associate, 7P. 

BatEr, 8., electro-tinning, 934A. 

Batruss, J. G., elected Member, 5P. 

BakeER, J., truing of wire-drawing 
dies, 134. 

BaLtarD, J. W., spectrochemical 
analysis, 227A. 

BALLARD, W. E.: 

protection of ship plates, 435P. 

spraying of metals, 284. 

BANDEL, G., scaling of heat-resistant 
steel, 564. 

BANSEN, H., valuation of blast-fur- 
nace charges, 121A. 

BARBER, C. R.: 

Paper: ‘The Calibration of the 
Platinum /1-3°-Rhodium-Pla- 
tinum Thermocouple Over the 
Liquid Steel Temperature 
Range,” 205P. Correspond- 
ence, 214P, Author's Reply, 
219P. 

ae Tr T. M., elected Associate, 
aPS 

BARDENHEUER, P., high-frequency 
furnaces, 11A. 

Barnes, R. B., calibration of electron 
microscopes, 220A. 

Barnes, W. C. E., determination of 
lead in lead-bearing steel, 229A. 

BaRRACLOUGH, K. C., elected Asso- 
ciate, 7P. 

Barrass, W., elected Member, 5P. 

BARRENBRUGGE, C. C., forging of 
‘Shells, 160A. 

Barrett, L. R., action of chlorine on 
refractory materials, 73.4. 

Barrow, G. R., hardenability of 
steel, 984. 


NAME INDEX. 


BarTHOLOMEW, EH. L., Jun., stress- 
strain measurements in draw- 
ing of cylindrical cups, 944. 

Baumer, 8. D.: 

cutting of steel, 210A. 
hard-facing of rolling-mill equip- 
ment, 56A. 

BAUMGARTE, thermal conductivity of 
weld metal, 174. 

BEAMENT, T. G., heat-resistant alloys, 
138A. 

BrEAn, W. R., malleablising furnaces, 
124A. 

Betuis, A. E., coating of wire and 
strip, 23A. ; 

BENEDICES, C.: 

effect of manganese and silicon on 
dissolved carbon in annealed 
iron, 216A. 

effect of manganese and silicon on 
hardened carbon steel, 217A. 

electrical resistivity of carbon steel, 
Q1I7A. 

expansion hysteresis of Invar, 2224. 

iron-nickel system, 222A. 

BrencoucsH, G. D., remarks on First 
Report of Marine Corrosion 
Sub-Committee, 421P. 

BENITEZ, F., mineral resources of 
Chile, 374. 

BENNEK, H., use of electron micro- 
scope for studying structure of 
steel, 219A. 

Bennett, R., drop-forging practice, 
84A. 

Benson, R., use of slide rule for 
calculation of forgings, 160A. 

Brercutn, W. N., high-speed steel, 


104A. 

Bsra, E., basic electric-furnace prac- 
tice, 51A. 

Bere, E. A., time study in foundries, 
198A. 

BERGGREN, O., mining of iron ore, 
115A. 

Berry, BH. L., time study in foundries, 
198A. 


Brrry, H., carbide dies, 204A. 

Betz, P. L., performance of gases in 
oxygen cutting process, 20A. 

BEYERLE, W. H., brushes for electric 
motors, 128A. 

BrsBeR, L. C., weldability of steel, 
167A. 


BILFINGER, R., electrodeposition of 
chromium, 244. 
BINDER, W. O.: 
manganese steel, 1034. 
stainless steel for aircraft parts, 
644A. 
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Bryniz, D., basic open-hearth prac- 
tice, 282P. 

Brirpsatt, G. W., stampings for 
ordnance parts, 844. 

Brrtxorr, N. D., electrodeposition 
of chromium, 244. 

Biscuor, D. W., properties of struc- 
tural steel, 594. 

Biscuor, F., properties of aluminium- 
killed Bessemer steel, 135A. 

Bisuop, C. F., elected Member, 5P. 

Buack, R. E., electrodeposition of 
iron-tungsten alloys, 1714. 

Buarr, J. 8., use of resin to reveal 
stresses, 964. 

BLANCHARD, J. R., effect of molyb* 
denum on austenite trans- 
formation in steel, 107A. 

Buosso, H. H., cast-steel tyres, 181A. 

BrumsBere, H. S., clad steel, 1714. 

Buytu, H. D. S., elected Member, 
5P. 

Bonanp, J. J.,/tests of moulding 
sand, 79A. 

Boss, A. K., hair-line cracks, 12A. 

Boston, O. W., effect of hardness on 
machinability of alloy steel, 
98A. 

BorrENBERG, W., high-frequency fur- 
naces, 11A. 

Bowen, J. C., elected Member, BP. 

Bowman, E.E., distribution of molyb- 
denum between cementite and 
ferrite in steel, 107A. 

Bowman, W., sealing of castings with 
bakelite, 202A. 

Boxer, RearR-ApMinaL H. P., anti- 
fouling compositions, 440P. 

Braprorp, G. H., elected Member, 
DP: 

Brapsuaw, J. S., elected Member, 
5 


Brams, 8. H., reconditioning of car- 
burising compounds, 163A. . 

Breartey, A. C., elected Member, 
5P. 

BREELER, W. R., heat treatment of 
molybdenum high-speed steel, 
87A. 

Bremer, P., carburetting of gas for 
open-hearth furnaces, 118A. 

BripGe, F. D., elected Associate, 7P. 

Brine, G. G., flotation of hematite, 
116A. 

Brmvzemann, G., relation between 
composition and properties of 
cast iron, 135A. 

Brinson, 8. W.: 

shrinkage in. steel castings, 200A. 
steel casting practice, 784. 
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Brom, L. J. T., effect of grain size in 
core-blowing, 154A. 

Brooke, W. J., elected Hon. Vice- 
President, 2P. 

BrRooKER, E., welded armour plate, 
208A. 

Brown, C. E., substitute coatings for 
tinplate, 27A. 

Brown, C. M., manganese steel, 103A. 

Brown, P. W., aircraft gears, 210A. 

Brown, R. J., elected Member, 5P. 

Brown, W. T., coking properties of 
coal, 194A. 

BRUCKNER, W. H.: 

cast iron for glass moulds, 33A. 
weldability tests, 165A. 

Bryan, R. V., elected Associate, 7P. 

BucKWALTER, T. V., fatigue of axles, 
97A. 

Burecuuine, W. J., elected Member, 
VE 

Buzz, W.C., Jun., use of high-iron 
charges in basic open-hearth 
practice, 10A. 

Buuuivant, D. J., elected Associate, 
IP. 

Butmer, R., properties of North- 
umberland and Durham coals, 


40A. 
Bursace, H. W. R., elected Member, 
bP. 


Burpick, E. H., concentration of 
scheelite ore, 189A. 

Buresss, G., fluidity of cast iron, 
201A. 
Burks, H. G., elected Associate, 7P. 
Bursack, K. F., determination of 
moisture in coal, 1454. 
Burt, F. R., control of blast-furnace 
skip hoists, 44. 

Burton, C. J., calibration of electron 
microscopes, 220A. 

BusHELL, L. A., coking properties of 
South African coals, 193.4. 


Caine, J. B., sintering test of mould- 
ing sand, 198A. 

CALAMARI, P. L., fatigue of welds at 
low temperatures, 214A. 

CALBIANI, G., deseaming of ingots, 


21A, 

CammeErER, J. S., properties of slag 
bricks, 44. 

Cannon, C. G., properties of coal, 
192A. 


Carusson, C. G., determination of 
alumina in steel, 145A. 
CaRROLL, P., JuN., time study in 

foundries, 764, 


NAME INDEX. 


Carter, W. I’., S-curves of steel, 
206A. 
Carter, W. L., elected Member, 5P. 
Cuatmers, W. J., elected Member, 
BP. 
CHAMPION, F. A., examination of cor- 
roded metals, 226A. 
Cuaston, J. C., electrical resistivity 
of metals, 30A. 
CHERRY, R. M., annealing of malleable 
cast iron, 124A. 
CHESTERS, J. H.: 
basic open-hearth practice, 286P. 
refractory materials for Bessemer 
converters, 116A., 149A. 
refractory materials for soaking pits 
and reheating furnaces, 2A. 
CHIPMAN, J.: 
equilibria of iron and slag in in- 
duction furnace, 82A. 
heat of solution of silicon in liquid 
iron, 109A. 
CHISWIK, H. H., welding of chromium 
steel, 58A., 894. 
Curimss, N. W. D., elected Member, 


SPs 

Cuwortnorr, N., solidification of 
castings, 125A. 

Crank, ©; Li: 


corrosion of water-pipes, 1114. 
properties of chromium steel, 32A. 
Criark, D., welding, 164A. 
CLarKE, W. H. V., elected Member, 
5P. 
CLARKE, W. W., determination of 
cobalt, 228A. 
CLAUSSEN, G. E., welding metallurgy, 
89A. 
Crreee, L., producer gas, 119A. 
CLEPHANE, P. F. F., microscopic 
examination of silica refrac- 
tories, 1A. 
CrLews, F. H., action of chlorine on 
refractory materials, 73.4. 
CoHEN, M.: 
austenite decomposition in high- 
speed steel, 110A. 
effect of phosphorus on growth of 
cast iron, 2184. 
tempering of chromium steel, 87A. 
Cotton, R. A., nucleation and growth 
of pearlite, 664. 
CoLwEL1, L. V., effect of hardness on 
machinability of alloy steel, 
98 A. 
Cong, E. F., heavy pressings, 1304. 
Convey, J., spectrum analysis, 327P. 
Cook, E., creep tests, 624. 
Coppa-Zuccari, G., iron-sand in 
Italy, 1884, 


NAME INDEX. 


Coorsr, J. H., welding of strip, 20A. 

CorvERO, H. G., elected Member, 5P. 

Corpovi, M. A., tensile-impact resist- 
ance of molybdenum steel 
welded joints at high tem- 
peratures, 96A. 

CorneELIvus, H.: 

chromium-manganese-nickel 
for valves, 141A. 
weldability of alloy steel, 216A. 

CorNWALL, E.S., elected Member, 5P. 

Corson, A. J., magnetic alloys, 984. 

Cosman, C. M., chromising of steel, 
169A. 

Corrrett, G. A., recording of macro- 
structures, 183A. 

Corrrett, C. L. M., elected Associate, 
ie 

Courts, D. K., elected Associate, 7P. 

Cowen, R. J., annealing of malleable 
cast iron, 125A. 

Cows, H., electric smelting of iron 
ore, 195A. 

Cozens, E., alloy cast iron, 181A. 

Crossy, H. L.: 


steel 


adherence of silver plate on steel, 
92A. 

structure of brush-plated silver, 
92A. 


CunnineHam, A. G., sheet mills of 
Commonwealth Steel Co., 134. 

Czyzewsk1, H., cast iron for glass 
moulds, 334A. 


DAsrirz, W., life and work of A 
Thyssen, 9A. 
Daunte, F. B., properties of cast steel, 


OA. 

Dae, F. W., elected Member, 5P. 

DANIELSEN, N., ironworks at Norr- 
botten, 120A. 

DaRKEN, L. 8.: 

diffusion in metals, 654. 

distribution of manganese and 
sulphur in open-hearth process, 
49A. 

Dastur, M. N., effect of phosphorus 
on growth of cast iron, 218A. 

Davies, E. C., are welding, 17A. 

Davis, D. O., plant of Dominion 
Foundries and Steel, (tds, 
202A. 

Davis, E., elected Member, 5P. 

Davis, E. F., National Emergency 
gear steels, 314. 

Davis, W. E., effect of stress on 
welding properties of chrom- 
ium-molybdenum. steel tubes, 
88A. 
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Dayton, R. W., surface finish of 
journals, 138A. 

Deacon, A. J., graphitisation of 
cementite, 122A. 

Dean, W. T., elected Member, 5P. 

Deans, T., mineralresources of North- 
ern Rhodesia, 188A. 

Deck, HH. W.: 

descaling of steel, 224. 
flame descaling of steel prior to 

painting, 168A. 

Der Forest, T., detection of surface 
defects, 99A. 

DEHLER,- H., permanent magnets, 
179A. 

DxELLA-VEDOWA, R. P., flash-welding 
of aircraft parts, 884. 

Descu, C. H., developments in 
metals and alloys, 314. 

Dz Wet, J. P., chromite in Manitoba, 
114A. 

Dickens, P., potentiometric volu- 
metric analysis, 229A. 
Dickinson, E. C., elected Member, 

BP. 
Districu, K., photometric analyses, 
228A 
Dieass, T. G.: 
austenite formation in iron-carbon 
alloys, 108A. 
effect of initial structure and heat- 
ing rate on grain size in steel, 
108A., 184A. 
Dircuman, J. P., lighting of steel 
plants, 52A. 
Dopp, A. E., thermal expansion of 
silica bricks, 190A. 
Donaxupson, J. G., determination of 
combined carbon, 228A. 
DonaLpson, J. W.: 
thermal and electrical conduc- 
tivities of metals, 30A. 
wear of metals, 30A. 
DonnetL, L. H., plastic flow in 


metals, 29A. 
Doveunty, J. A. F., elected Member, 
BES 


DowpeEtt, RB. L., tinning of steel, 26.4. 

DRECHSLER, W., hardening and 
tempering of steel from heat of 
rolling, 564. 

Driscotnt, W. J., welding of cast 
iron, 208A. 

Duma, J. A., shrinkage in steel 
castings, 200A. 

Dunszeck, N. J., drying of synthetic 
moulding sand, 199A. 

Dun»are, R. P., effect of water on 
lubricants, 1624. 

Downe, R. Vp., use of dry blast, 34. 
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DuUNSHEATH, P., research in Great 
Britain, 182A. 
DuRANT, R. L., use of gamma rays, 
142A. 
DuRRER, R.: 
desulphurisation of iron with acid 
slags, 4A. 
reduction of iron ore, 195A. 
DwvyeER, P.: 
foundry of Cincinnati 
Machine Co., 198A 
plant of Malleable Iron Fittings Co., 
45A. 
Dyat, S. J., elected Member, 5P. 
DycuE-TEacuE, F. C., anti-fouling 
compositions, 424P. 


Milling 


Eakin, C. T., drill for taking metallo- 
graphic specimens, 105A. 
Easy, J. T., effect of ladle addi- 

tions on austenitic cast iron, 


215A. 

Eastwoop, LA VERNE W., elected 
Member, 5P. 

Ecxarpt, W., electro-galvanising, 
26A., 171A. 


Epmiston, J. A. C., properties of 
Lanarkshire and Lothian coals, 
40A. 

Epson, A., hardness of weld metal, 
19A. 


Epstr6m, O., graphitisation of mar- 
tensite, 64., 1224. 

Epwarps, C. A., D. L. PHmuires and 
Yerele Dros 

Paper: ‘“‘The Yield Point in 

Steel,’ 145P. Correspondence, 
168P. Authors’ Reply, 170P. 

Epwarps, J. O., elected Associate, 
7P 


EHLERS, oe alloys for hard facing, 
30A 


Enruart, G. W., expansion-con- 
traction tests of moulding 
sands, 78A., 79A. 

EILENDER, W.: 

effect of grain size on weldability 
of steel, 213.4. 

effect of nickel on chromium- 
manganese steel, 2184. 

Exstam, T., drilling and blasting in 
oes 38A. 

Exot, L. L., welded armour plate, 
208 

Extiort, EH. : 

Paper: ‘‘ A Critical Consideration 
of Some Applications of the 
Spectrograph to Steelworks 
Analysis.” See Suirtey, H.T. 
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Exuis, D. L., protection of steel by 
cast iron borings during heat 
treatment, 16A. 

ExLMmoreE, W. W., magnetic structure 
of iron crystals, 221A. 

Essa, A. R., freezing of iron-copper 
alloys, 110A. 

ENDELL, K., sintering of moulding 
sand, 153A. 

ENDRASS, H., use of Hirschmiiller- 
Bechstein colorimeter, 227A. 

Enepaunu, R. B., pulverised coal for 
metallurgical furnaces, 192A., 
193A. 

ENLUND, B. D.: 

effect of manganese in steel, 101A. 
effect of vanadiun in steel, 101A. 

Entny, 8. D., thickness determination 
of coatings, 23A. 

Erp, J. E.: 

grinding of tool steel, 210A. 
heat treatment of tool steel, 87A. 

Ericson, C.B., high-speed steel tipped 
tools, 208A. 

ErRKrFR, A., effect of notches and 
internal stresses on fatigue of 
vey joints, 574A. 

Evans, U. R 

Paper : “ The Effect of Zine on the 
Corrosion-Fatigue Life of 
Steel.”’ See Stuart, N. 

soluble inhibitors, 33.4. 

Eytes, A. J. T.: 

welding of stainless steel, 133A. 

welding of stainless-steel sheets, 
58A. 


Farrar, E. V., aircraft gears, 210A. 

meee ee P. C., elected Member, 
5P. 

FELDMANN, W., smelting of fine ore, 
151A. 

Frit, E. W., yield point in steel, 
168P. 


Freutiows, J. A., creep tests, 624. 
Fewus, H. A., elected Member, 5P. . 
FEnton, G., elected Associate, 7P. 
FIELDEN, M.: 

cupola process, 454. 

effect of phosphorus in cast iron, 


FIELDNER, A. C.: 
improving quality of blast-furnace 
coke, 193A. 
tests of coal, 150A. 
Fing, M. E., tinning of steel, 264. 
Fisonme, J. J., hard chromium plating, 


Fisx, P. M., elected Member, 5P. 
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FiLemine, W. J., control of electrical 
equipment, 161A. 

FLetTcHer, A., hard chromium plat- 
ing, 169A. 

PP pea W. J., elected Associate, 

Friinn, R. A., grey cast iron, 764. 

Focxrs, A. E., hardenability of steel, 
62A. 

Fotry, F. B., hardenability of NE 
steels, 103A. 

FontTarne, K., elected Associate, 7P. 

Fores, D. P., graphitisation of cast 
iron, 124A. 

Forest, K. J., 
TE. 

Foss, F. F., sponge iron, 75A. 
Fountain, L. L., low-voltage current 
for rolling mills, 161A. 
FoxweEtt, G. E., insulation of fur- 

naces, 2A. 
Francis, S., elected Member, 5P. 
Frank, H., cold-drawing seamless 
tubes, 144. 
FRANKLIN, R. J., cast iron welding 
rods and electrodes, 133A. 
FRANKS, R.: 
manganese steel, 1034. 
stainless steel for aircraft parts, 
64A. 
Franks, R. M., elected Member, 5P. 
Fraser, N. G., ageing of steel, 178A. 
FrencH, H. J., conservation of raw 
materials, 155A. 
Frericus, R. C., hardenability tests, 
214A. 
Fry, C. L., elected Member, 5P. 
Frve, J. H., conservation of metals, 
156 


elected Associate, 


Gapp, C. W., extensometer for study- 
ing stresses in crankshafts, 
29A. 

Garey, C. T., effect of zinc chromate 
paint on welding of steel, 884. 

Geary, W., basic open-hearth prac- 
tice, 10A., 47A., 127A. 

Gurcer, E., design of castings, 794. 

Grist, K., use of iron briquettes in 
cupolas, 444. 

Grsson, J., properties of Ayrshire and 
Dumfriesshire coals, 404. 

GinBERTSON, L. I. : 

adherence of silver plate on steel, 
92A. 

structure of brush-plated silver, 
92A. 

GiriespiE, J. 8., brazing carbide tips 
to tools, 166A. 


GLAZUNOV, A.: 
effect of impurities in metallic 
coatings on corrosion, 23A. 
electrodeposition of lead, 254. 

Gnipa, E., use of coke-oven gas in 
open-hearth furnaces, 47A. 

Goprrey, H. J., properties of wire, 
211A. 

GorrzeL, C. G., iron powder metal- 
lurgy, 75A. 

GonpsBRouGH, W., insulation of fur- 
naces, 74A. 

GotimEer, W., coking of Saar and 
Lorraine coals, 404., 193A. 

Goopatt, Sir S., remarks on First Re- 
port of Marine Corrosion Sub- 
Committee, 434P. 

Gorpon, P., austenite decomposition 
in high-speed steel, 110A. 

Goutp, J. E., iron oxide in open- 
hearth steel bath, 50A. 

Granam, A. K., protection of oxide 
coatings by oil, 172A. 

Granam, W. H., increasing pickling 
plant output, 224. 

Grant, N. J., heat of solution of 
silicon in liquid iron, 109A. 

Graves, F. E., pulverised coal for 
forge furnaces, 1924. 


Gray, F. A., heating furnaces, 
39A. 

Gray, T. H., hardness tests, 177A. 

GrRzEEN, A. T.: 


action of chlorine on refractory 
materials, 734. 

refractory materials 
furnaces, 190A. 

thermal expansion of silica bricks, 
190A. y 

GreEnwoop, H. W., powder metal- 
lurgy, 43A. 

Greac, A. W., triplex process for 
production of steel castings, 
46A. 

GreGgory, E. : 

basic open-hearth practice, 278P. 
interpretation of steel specifica- 
tions, 105A. 

Grenz, W., costing systems, 159A. 
GrirritH, H. H., expansion and con- 
traction of welds, 884. 
Griaas, J. O., duplex process, 

203A. 

Gropner, A., steels for petroleum 
industry, 314. 

Gropzinsk1, P., wire-drawing dies, 
53A. 

Gross, B., corrosion of cadmium- 
plated chromium-molybdenum 
steel, 35A. 


for blast- 
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Grossmann, M. A., hardenability 
calculated from chemical com- 
position, 29A. 

Gruse, K., freezing of iron-copper 
alloys, 110A. 

GRUNFELD, H., elected Member, 5P. 

GULBRANSEN, E. A., formation and 
stability of oxide films, 864. 

GuLDNER, W., high-pressure steam 
plants, 394. 

GuLDNER, W. G., determination of 
carbon in iron and steel, 1444. 

Gunn, K. W., elected Associate, 7P. 

Gurry, R. W., weight change of steel 
during decarburisation and 
carburisation, 16A. 

GuUTHMANN, K.: 

ore-preparation plants, 394. 
utilised heating surface of checkers, 
8S1A. 


Haaa, H. L., wolfram in Nigeria, 
114A. 

HackKLANDER, R., effect of grain size 
on weldability of steel, 213A. 

Harm, G.: 

determination of lead 
bearing steel, 229A. 
effect of sodium and potassium 

silicates on weld metal, 57A. 

Haury, J. W., effect of tin in steel, 
104A. 

Hatts, E. E., use of infra-red heat- 
ing, 173A. 

Hausteap, H., temperature contro] of 
galvanising baths, 171A. 

Ham, J. L., effect of molybdenum on 
earbon diffusion in steel, 107A. 

HamMBLEY, W. A., use of iron bri- 
quettes in cupolas, 444. 

HAmos, L. von, electrolytic polishing 
of metals, 221A. 

Hanp, H. J., iron-oxide content in 
open-hearth steel bath, 50A. 

HANEMANN, H., hardness of marten- 
site and austenite, 2144. 

HarsaucGuH, M. D., iron ore, pig iron 
and scrap in United States, 
189A. 

Harporp, V., ship plates, 426P. 

Harper, O. E., weldability of steel, 
167A. 

Harpuam, EH. W., elected Member, 5P. 

Harriss, D. C., heat treatment of 
steel, 154. 

Harris, A. C., formation of hair-line 
eracks, 453P. 

Harris, C. T., Jun., centrifugal cast- 
ing of guns, 804, 


in lead- 
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Harris, J. E.: : 
Paper: ‘‘ Anti-Fouling Investi- 
gations. (First Report of 
Marine Corrosion Sub-Com- 
mittee),’’ 405P. 
Hartey, Sir H., recovery of scrap, 
82A. 
Hartoune, A., iron-zirconium-sulphur 
system, 222A. 
HaAsKeE.t, O. S., enamelling of wire, 
93A. 
Hatrietp, W. H.: 
economical use of ferro alloys, 30A. 
rationalisation of alloy steel, 139A. 
remarks on First Report of Marine 


Corrosion Sub - Committee, 
423P., 426P. 
rust-, acid-, and heat-resisting 
steel, 63A. 
Hay, R., viscosity of blast-furnace 
slag, 41A. 


Haywoop, F. W., Spekker steelo- 
scope and absorptiometer, 68A. 
HEILIGENSTAEDT, W., costing sys- 
tems, 159A. 
Hei, E. ; 
properties of weld metal, 2094. 
weldability of steel, 168A. 
Hempsrt, M., fatigue tests of cast iron, 
137A. 
HENDERSON, J., remarks on Knight’s 
paper, 285P. 
Henry, O. H.: 
fatigue of welds at low tempera- 
tures, 214A. 
penetration ofzinc and Robin bronze 
into stainless steel, 216A. 
tensile-impact resistance of molyb- 
denum steel welded joints at 
high temperatures, 96A. 
welding metallurgy, 89A. 
HeERNBERG, M., maintenance of elec- 
trical equipment, 128A. 
Herrscuart, D. C., spot welding of 
steel, 166A. 
Hersouman, H. K.: 
effect of cold-rolling on hardness 
of plates, 96A., 177A. 
Hurry, C. H., Jun.: 
alloy steel scrap, 128A. 
conservation of aluminium and 
manganese, 155A. 
Herzie, A. J.: 
distribution of molybdenum _be- 
tween cementite and ferrite in 
steel, 107A. 
effect of molybdenum on austenite 
transformation in steel, 107A. 
effect of molybdenum on carbon 
diffusion in steel, 107A. 
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HESELWoop, W.C.: . 
calibration of thermocouples, 214P. 
thermo-electric power of iron, 128P. 


Hess, F. O., surface hardening, 
86A. 
Hess, W. F.: 


effect of cooling rate on welded 
molybdenum steel, 209A. 
spot welding of steel, 166A. 
HEvSCHKEL, J., weldability of steel, 
167A. 
Hewitt, W., ferro-alloys in Aus- 
tralia, 152A. 

Hiaers, P. D., elected Member, 5P. 
Hieeins, W. W., fishscaling on 
enamel coatings, 173A. 
HiUpDEBRAND, G., electrolytic polish- 

ing, 142A. 
Hitt, J. D., elected Associate, 7P. 
Hin, M:: 
end-quench tests, 97A. 
steels for aircraft parts, 103A. 
Hit, W. P., boiler practice of 
Bethlehem Steel Co., 191A. 


Hiniier, J., electron microscope, 
183A. 

HInNUBER, J., sintered carbides, 
1604. 


Hoarz, W. E., electro-tinplate, 93A. 

Horrman, F. C., stretch forming of 
aircraft parts, 844. 

Horrmann, H., blast-furnace coke, 
40A. - 

Horstsen, 8S. von, effect of elements 
in steel, 100A. 

Hotmoauist, P. J., relation between 
grain strength and boundary 
strength in minerals and 
metals, 614A. 

Hour, M. L., electrodeposition of 
iron-tungsten alloys, 1714. 

Houtwit, C. N., jigs for flame 
cutting, 894. 

Horaer, O.J., fatigue of axles, 294., 
97A. 

Hosetirz, K., elected Associate, 7P. 

Howsns, R. S., elected Associate, 7P. 

Hows, T. W., refractory materials, 
116A. 

Hruska, J. H., hardness tests of files, 
97A. 

Hupson, F., fuel economy in foun- 
dries, 43A. 

Hupson, J. C.: 

Paper: ‘“‘ Raft Tests. (First Re- 
port of Marine Corrosion Sub- 
Committee), 352P. 

remarks on First Report of Marine 
Corrosion Sub - Committee, 
421P. 
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OS bape E. R., elected Associate, 

Hueuss, M. L., elected Member, 6P. 

Huuett, H.R., determination of iron 
by spectrophotometric method, 
229A. 

Hutt, F. C., nucleation and growth 
of pearlite, 66A. 

HvuLtGREN, A., graphitisation of 
martensite, 64., 1224. 
Hounniocutt, H. A., foundry industry 

in Brazil, 764. 
HounsiIcKErR, L., corrosion of steel, 
copper and aluminium, 35A. 
Hurzsvt, F. J., properties of Lanca- 
shire coal, 404. 
Hurst, J. E.: 
alloy cast iron, 140A. 
centrifugal casting of metals, 153A. 
production of high-strength cast- 
ings, 153A. 
Hortt, J. B., chromite in California, 
188A. 


Inportson, L. S., elected Member, 6P. 

ImBopDEN, R. L., anodic treatment of 
steel, 1064. 

Imuorr, W. G., effect of copper on 
zine coatings, 92A. 

Irvine, K. J., elected Associate, 7P. 


Jackson, A., awarded Williams’ 
Prize, 3P. 

Jackson, C. E.: 

hardenability and weldability of 
steel, 212A. 
weldability of steel, 167A. 

Jackson, J. F. B., elected Member, 
6P. 

JAESCHKE, W. R., malleablising fur- 
naces, 124A. 

JAMESON, A.S.: 

properties of bolts, 534. 

properties of NE carburising steels, 
63A. 

properties of NE steel, 219A. 

JANELID, I., flotation of hematite, 
116A. 

JeBson-MARWEDEL, H., glass furnace 
practice compared with open- 
hearth practice, 474. 

Jerrery, G. H., polarographic ana- 
lysis, 68A. 

Jurrrizs, H. F., elected Member, 6P. 


JENICEK, L., electrodeposition of 
lead, 254. 
Junzins, R., history of Hayle 


Foundry, 6A. 
Jmnwninas, A. C., elected Member, 6P. 
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JEenNinGS, C. H., welding electrodes, 
134A. 

JENSFELT, T., air consumption of 
pneumatic ore-loading ma- 
chines, 115A. 

Josrine, A. V., alloy-steel forgings, 
13A. 

JOHANSSON, §&., 
steel, 67A. 

Jounson, S. C., substitute metals, 
179A. 

Jounstron, D. A., welding of tubes, 
19A. 

JouHNSTON, J., effect of time in steel 
manufacture, 9A. 

Jotiy, T., basic open-hearth prac- 
tice, 283P. 

Jones, J. S., electrodeposition of 
zine, 26A. 

Jones, W. D., powder metallurgy, 
197A. 

JosEpPH, C. F., manufacture of Arma 
steel, 198A. 

JuNGE, C. H., graphitisation of cast 
iron, 123A. 

JUPPENPLATZ, J., slag control in acid 
electric furnaces, 824. 

JURETZEK, H., alloy steel castings, 
634. 


corrosion rate of 


KatiscHer, P. R., dew point indicator 
for furnace atmospheres, 554. 
Katine, Bo: 
acid open-hearth process, 494. 
production of ferro-alloys, 42A. 
KavucutscuiscHwint, M., _ electric 
smelting of iron ore, 1524. 
Kent, G. L., tensile properties of 
molybdenum steel at high 
temperatures, 94A. 
Ker, E., properties of bolts and nuts 
at high temperatures, 2114. 
Ketter, J. D., pressures in cold- 
rolling of strip, 544. 
Kenwortay, L., corrosion of galvan- 
ised tanks in contact with cop- 
per, 225A. 
Kenyon, A. F., electric driving of 
plate mills, 160A. 
Keoeu, C, P., welding of alloy steel, 
57A. 
Karvy, R. O., determination of carbon 
in alloy steel, 143.4. 
Kore, J. SINCLAIR : 
basic open-hearth practice, 287P. 
remarks on First Report of Ma- 
rine Corrosion Sub-Committee, 
424P. 
ship plates, 427P. 
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Kore, R., tests of tin coatings, 173A. 

Kintpy, J. N., basic open-hearth 
practice, 283P., 292P. 

Kinpt, E. T., timber for patterns, 
199A. 

Kine, G. R., elected Associate, 7P. 

Kinzet, A. B., weldability of steel, 
88A., 207A. 

KITTELBERGER, W. W., corrosion- 
resistance of paint coatings, 
35A. 

KsgERRMAN, H., effect of vanadium in 
steel, 101A. 

Kuen, J. L., hardening of tool steel, 
87A. 

Knossz, thermal conductivity of 
weld metal, 17A. 

Kuuce, F., turbo-blowers, 4A. 

Kniaut, G. A., elected Member, 6P. 

Knicut, R. L.: 

Paper: ‘“ A Review of Basic Open- 
Hearth Practice at an Aus- 
tralian Plant,’? 233P. Discus- 
sion, 277P. Correspondence, 
286P. 

awarded Williams Prize, 3P. 

Knieuts, E. D., X-ray examination 
of metals, 65A. 

Knox, J. D., briquetting of ore, 
189A. 

Knox, N. B., mineral resources of 
Venezuela, 384. 

Kosrrzscu, R., heating of wire during 
drawing, 204A. 

Kocuer, D. W., consistency of re- 
fractory mortars, 744. 

K6uLER, F., melting of steel turnings, 
129A., 157A. 

Kous, W., non-destructive tests of 
welds, 65A. 

Kosarski, Z. Z. J., elected Member, 
6P. 

Kratner, H., effect of nitrogen on 
chromium steel and chromium- 
manganese steel, 222A. 

Kraner, H. M., wear of blast-furnace 
linings, 24. 

Kress, E., valuation of blast-furnace 
charges, 121A. 

Kriscu, A. : 

deformation of steel at low tem- 
peratures, 136A. 

effect of tempering temperature on 
low-alloy steel, 218A. 

properties of chromium-manganese 
steel, 181A. 

Kropr, A., graphite rod resistor fur- 
nace, 157A. 

Sas E. T., elected Associate, 
he 
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Kueter, A. N., jigs for flame cutting, 
89A. 

KurpsuMow, G., carbon in tempered 
steel, 1834. 


Sees C., elected Member, 

Lanret, A., Indian coking coals, 114A. 

LaMBErRtT, C. E., cadmium plating of 
aircraft parts, 172A. 

Lanp, T.: 

Paper: ‘‘Thermal Stresses in 
Ingot Moulds,” 75P. 

LANDER, C. H., heat transfer, 117A. 

LANKLER, J. G., surface active agent 
for metal cleaning, 90A. 

LANSING, J. H.: 

malleable iron castings, 153A. 

temperature control of malleablising 
furnaces, 132A. 

Larssn, B. M., distribution of man- 
ganese and sulphur in open- 
hearth process, 49A. 

Likszxo, F.: 

Paper: “ Graphitisation of Steel 
Influenced by Tessellated 
Stresses,’’ 201P. 

Paper: ‘“* Tessellated Stresses,” 
Parte isk. 

LAUENSTEIN, A., thickness determina- 
tion of coatings, 23.4. 

Lreckis, A. H., basic open-hearth 
practice, 290P. 

Les, H., hair-line cracks, 124. 

Lrg, O. R. J., calibration of thermo- 
couples, 214P. 


LEGRAND, R., induction heating, 
164A. 

Lemo, H. P., wide strip mills, 13A. 

Lenp1, A. E.: 


calibration of rolls, 54A., 1314. 
output of rolling mills, 144. 
Lusuiz, F. B., purging of controlled 
atmosphere furnaces, 1334. 
LewanpowskI, M., elected Member, 
6P. 
Lewis, R. B., elected Associate, 7P. 
Lewis, W. D., effect of welding on 
steel bars, 178A. 
LInpBLAD, A., production of ferro- 
alloys, 424A. : 
Linrorp, A., temperature measuring 
instruments, 131A., 205A. 
Lientox, M. M., structure of grey 
cast iron and Meehanite, 65A. 
Lrerrert, T. W., American tinplate 
practice, 27A. 
LissELL, E. O., flowability and den- 
sity of moulding sand, 154A. 
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ListER, R. P., elected Associate, 7P. 
Wiges Seo IBIS 

Paper: ‘The Yield Point in 

Steel.’ See Epwarps, C. A. 

Lérquist, H., enrichment of spiegel- 
eisen, 424. 

Lowrey, C. R., recovery of benzol 
from coke-oven gas, 3A. 
Loorz, W., smelting of fine ore, 151A. 

Lo Prestt, P. J., silver plating of © 
steel, 172A. 

ORTGss Cyeteiias \ 

effect of hydrogen in malleablising 
process, 125A. 
reduction of magnetite, 196A. 

LowrnueEIM, F. A., tinplating from 
potassium stannate baths, 934. 

Lowery, H., elected Member, 6P. 

LowerReEN, E., electrolytic polishing, 
142A. 

LusBaun, J. D.: 

bursting tests of tubes, 1044. 

effect of notches on tensile strength 
of alloy steel, 211A. 

effect of notches on tensile strength 
of metals, 964. 

notched-bar tensile tests on alloy 
steel, 95A. 

Luna, W., temperature changes and 
power consumption during 
wire drawing, 204A. 

LuTHER, G. G.: 

hardenability and weldability of 
steel, 212A. 
weldability of steel, 167A. 

Lyman, T., position of carbon atoms 
in martensite, 228A. 

Lysacut, D., elected Member of 
Council, 3P. 


McAtuistEr, D., effect of sodium and 
potassium silicates on weld 
metal, 57A. 

McCieary, F. E., properties of 
Amola steel, 104A. 

McQLELLAND, A. E., deterioration 
of colliery ropes, 184A. 

MacConocuisg, A. F.: 

design of steam hammers, 52A. 
heat treatment of forgings, 154. 
steel for light armour, 634. 

McCorp, A. T., X-ray diffraction 
method, 143A. 

MacDonatp, A. C., elected Member, 


6P. 
MacEwan, J. H., elected Member, 6P. 
MacGrecor, ©. W., short-time tensile 
tests at high temperatures, 
990A. 
Wh 
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WiWe(@tuiazave ok = Ale, 
alloys, 109A. 
Macuvu, W., pickling of steel in 
presence of inhibitors, 22A. 
McKimm, P. J., heterogeneity of 
ingots, 484. 
McLaren, D. C., tungsten in Canada, 
1144. 
McMirztan, W. D., effect of com- 
position on annealing of cast 
iron, 124A. 
MoPuerson, D.: 
case-hardening practice, 163A. 
gaseous carburising, 854. 
Maut, H., structure of steel, 1824. 
Manoney, J. R., iron and steel 
industry of Utah, 464. 
Maxariewa, S. P., electrodeposition 
of chromium, 244A. 
Matix, A. K., elected Associate, 7P. 
MALMBERG, G.: 
effect of manganese in steel, 1014. 
effect of vanadium in steel, 101A. 
tensile tests of steel immersed in 
liquid, 584. 
Mannina, G. K., carburising of steel, 
85A. 
Marin, J., biaxial fatigue stresses, 
176A. 

Marinéex, B., desulphurisation of 
iron with acid slags, 44. 
MARINE CoRROSION SUB-COMMITTEE, 

First Report, 339P. Discussion, 
421P. Correspondence, 428P. 
Sub-Committee’s Reply, 440P. 
Marxin, A., plastic deformation. of 
metals, 175A. 
Marsu, T. H., elected Member, 6P. 
Marsu, W. D., elected Associate, 7P. 
Mason, A., elected Member, 6P. 
MATHER, R. : 
basic open-hearth practice, 280P. 
elected Member of Council, 3P. 


iron-manganese 


Marnuiev, K., transformations in 
steel due to cold-working, 
183A. 


Maver, J. R., life and work, 3.4. 
Meat, R. F.: 
austenite formation from ferrite- 
cementite aggregates, 109A. 
nucleation and growth of pearlite, 
66.4. 

Meautic, J. P., determination of iron 
by spectrophotometric method, 
229A. 

Merter-Cortes, C., carburetting of 
gas for open-hearth furnaces, 
118A. 

Mernuart, W. L., graphitisation of 
cementite, 1224, 
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Meticuow, G. I., electrodeposition of 
chromium, 24A. 

Mettor, G. A., elected Member, 6P. 

Mertens, H., life and work of J. 
Roémheld, 434. 

MeroatFre, J. W., elected Member, 
6P 


Meunier, F., Huey corrosion test of 
stainless steel, 224A. 

MEYENBERG, F. L., rationalisation in 
iron foundries, 152A. 

MipptetTon, J. M., elected Associate, 
ities : 

Mites, K. R., iron ore in Western 
Australia, 1A. 

Minter, C. H., forging of aircraft 
parts, 52A. 

Mituer, H. H., foundry practice in 
Mexico, 76A. 

Minter, J. R., use of high-iron 
charges in basic open-hearth 
practice. 10A. 

Mriter, P. D., intergranular cor- 
rosion of chromium-nickel 
steel, 2244. 

Miter, R. F., tensile properties of 
molybdenum steel at high 
temperatures, 94A. 

Mittiean, L. H., surface finish of 
journals, 138A. 

Minaay, G. W., elected Member, 6P. 

Mret, O., effect of nitrogen on 
chromium steel and chromium- 
manganese steel, 222A. 

MITCHELL, J.: 

effect of elements in steel, 324., 
100A. 
rimming steel, 12.4. 

MoGeEnsEn, F., phosphorus distribu- 
tion in iron ore concentrates, 
38A. 

Monteomery, T. B., control of are 
furnaces, 51A. 

Monreomery, W., X-ray examina- 
tion of castings, 644. 

Moopy, G. W., elected Member, 6P. 
Morean, O. M., surface active agent 
for metal cleaning, 90A. 
Mice F. R., galvanising of wire, 

6A. 

Morris, A., elected Associate, 7P. 

Morris, M. J. R., properties of NE 
steels, 180A. 

MorsinG, J., corrosion of steel plates 
in water and petrol, 66A. 

Mort, E. G., elected Member, 6P. 

Mortimore, R. W. N., elected 
Associate, 7P. 

Mo6rtsExz, §., concentration of ore, 
188A. 
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Mort, R. A.: 
determination of volatile matter 
in fuel, 694. 
origin of coal, 192A. 
properties of Yorkshire, Derbyshire 
and Nottinghamshire coals, 
40A. 
Mowat, J. M., elected Member, 6P. 
Miurier, A., costing in industry, 
12A. 
Mixer, J., effect of welding gas on 
erack formation in aircraft 


steel, 18A. 
Murpocu, A. W., elected Associate, 
102 


Mourrirt, G., elected Member, 6P. 

Mourruy, P. C., elected Associate, 
Wes 

Mussenue, G., grinding of blast- 
furnace slag, 152A. 

Myers, R. H.: 

Paper : ‘“ A Review of the Work of 
the Ingot Moulds Sub-Com- 
mittee,’ 51P. 

basic open-hearth practice, 284P. 


Naruorst, H. : 
manufacture of tool steel, 514. 
permanent magnets, 215A. 
Neary, J. B., production of trench 
mortar bodies, 7A. 
NecHuamM«n, H., spot tests, 228A. 
Nerrert, H. R., effect of residual 
stresses on fatigue of axles, 
29A. 
Netson, H. R., surface finish of 
_ journals, 1384. 
NEUMANN, G.: 
design of furnace roofs, 203A. 
gas burners, 150A. 
gas-producers, 151A. ' 
heat requirements of furnaces, 
18A. 
Neumann, J. A., reclamation of 
tools by are welding, 207A. 
NeumeEYvER, IF., diffusion of metals, 
65A. 
Newtove, B. C., electro-galvanising 
of strip, 26A. 
Nicuotis, A., anti-fouling com- 
positions, 437.P. 
Niconorr, D., strain hardenability of 
carbon steel, 98A. 
Nizsox, G., annealing of cold-rolled 
- strip, 212A. 
Nirenin, C. C., spectrographic ana- 
lysis, 144.4. 
Noap, W.., forging 
: tralia, 130A. 


practice in Aus- 


4] 


Nortu, V., separation of cobalt from 
iron, 229A. 

Norton, C. L., Jun., determination 
of thermal conductivity of re- 
fractories, 73A. 

NuNGESTER, W. J., corrosion of 
water pipes, 111A. 

Nurtine, J., elected Associate, 7P. 


O’Brign, W. A., cupola mixing spout, 
44A. 

OESTERLE, J. F., protection of steel 
during heat treatment by cast 
iron borings, 16A. 

Ouman, E., effect of phosphorus on 
hardening properties of steel, 
101A. 

Onsson, K. G., tensile-impact tests, 
614 


Orton, R. E., S-curves of steel, 206A. 

Osury, H. I., spectrochemical ana- 
lysis, 227A. 

OstwaLp, W., life and work of J. R. 
Mayer, 3A. 


Patmgr, G. 8., elected Member, 6P. 
Paqust, J., sintering of Minette ore 
and flue dust, 120A. 
ParceL, R. W., electro-polishing of 
steel, 105A. 
PaRKE, R. M.: 
distribution of molybdenum be- 
tween cementite and ferrite in 
steel, 107A. 
effect of molybdenum on austenite 
transformation in steel, 107A. 
effect of molybdenum on carbon 
diffusion in steel, 107A. 
ParRKER, C. M.: 
conservation of 
155A. 
properties of NE steels, 32A., 
103A., 180A., 219A. 
Parker, E. A., protection of oxide 
coatings by oil, 1724. 
PascuKke, M., smelting of fine ore, 
A 


raw materials, 


Passer, M., thickness determination 
of coatings, 234. 

ParsrRson, D.C., mechanical handling 
in foundries, 464. 

Parerson, D. G. P., training of 

metallurgists, 1324. 

PAWLEK, F., structure of steel, 182A. 

Payne, 8., remarks on First Report 
of Marine Corrosion Sub- 
Committee, 438P. 

Payson, P., hardening of tool steel, 
87A. 
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Pearce, J. G., welding of cast iron, 
208A. 

Pearson, S. W., basic open-hearth 
practice, 128A. 

PEARSON, T-S., insulation of furnaces, 
744A. 

Prasgz, R. S., elected Associate, 7P. 
Perry, W. A., maintenance of elec- 
trical equipment, 534. 
Perry, W. C., foundry patterns, 

126A. 
Percu, Mrs. M. K., elected Associate, 
ae 


PetcH, N. J.: 

Paper: ‘The Positions of the 
Carbon Atoms in Martensite,”’ 
221P. Correspondence, 228P. 
Author’s Reply, 230P. 

Peter, W., precipitation-hardening 
and creep strength of colum- 
bium steel, 624. 

Prerrers, F. P., forced-convection 
furnaces, 205A. 

Perrigz, E. C., consistency of refrac- 

tory mortars, 744. 

A. L., welding of tubes, 

20A. 

PreFFeR, G. C., maintenance of 
hydraulic systems, 130A. 

Puatr, W. A.: 

brazing of tubes, 584. 

briquetting of cast-iron borings, 
121A. 

‘“* Simons ”’ cold-strip mill, 544. 

Puiures, D.L.: 

Paper: ‘The Yield Point in 

Steel,’’? See Epwarps, C. A. 
Puruuies, E., elected Associate, 7P. 
Pieort, E. C., analysis of iron and 

steel, 1454., 227A, 
Pinnock, H. T., properties of South 

Midland coals, 40.4. 

Pirer, T. E., welding of stainless 
steel, 165A. 
Poposep, N. D., electrodeposition of 

chromium, 244. 

Pout, M. von, hard chromium plat- 


PFEIL, 


ing, 244. 
Pomp, A.: 
annealing of cold-rolled strip, 
212A. 


effect of cold-rolling and annealing 
on Watt losses of dynamo and 
transformer steel, 136.4. 
properties of steel at high tem- 
peratures, 30A. 
Pootr, H. W., power requirements 
of strip mills, 53.4. 
Porter, C. J., electric driving of 
plate mills, 1604. 


Porrer, H. W., use of high-iron 
charges in basic open-hearth 
practice, 10A. 

Prater, T. A., effects of elements 
and ain size on harden- 
ability of steel, 103A. 

Pray, H. A., intergranular corro- 
sion of chromium-nickel steel, 
2244. 

PREECE, A.: 

Paper: ‘The Desirability of Re- 
moving Sulphur from Gaseous 
Fuels for Heating Ferrous 
Metals,”’ 43P. 

Price, B. R., elected Associate, 7P. 

Price, C. A., electric driving of plate 
mills, 160A. 

Pritt, P., red lead in protective 
paints, 284. 

Pueacz, M. A., weldability of steel, 
167A. 

PUNGEL, W., effect of heat treatment 
and deformation on steel wire, 
59A. 

Puscu, A., fracture of tyres and rails, 
137A. 

PuzicHa, W.: 

effect of cold-rolling on chromium- 
nickel steel, 136A. 

effect of tempering temperature on 
low-alloy steel, 218A. 


QUARRELL, A. G.: 
hair-line cracks, 12.4. 
spectrum analysis, 324P. 


RADEKER, W., wear of metals, 215.4. 

Raae, K. M., elected Associate, 7P. 

RANDLE, J., elected Member, 6P. 

Ratu, J., patenting of wire, 162A. 

REED, C. A., basic open-hearth 
practice, 279P. 

Ress, O. W., determination of mois- 
ture in coal, 145A. “a 

Resse, D. J., grey cast iron, 764. 

REMIKER, L. H., forced-convection 
furnaces, 206A. 

Reswick, M., lubricants, 134. 

Rice, O. R., cleaning of blast-furnace 
gas, 194A. : 

Ricuarps, E.8., elected Member, 6P. 

Ricuarps, J. H., Jun., pickling of 
wire, 90A. 

RicHarpson, H. M., action of chlorine 
on refractory materials, 73A. 

RicHarpson, R. J., foundry practice, 
121A. 

Ripperuor, J, A., mould facings, 
199A. 
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Risess, ANNEMARIE : 
drying of cores, 126A. 
eae! analysis of core oils, 
RicBery, J., detection of defects by 
stereo-radiography, 106A. 
Riesy, G. R.: 
refractory materials for blast fur- 
naces, 190A. 
thermal expansion of silica bricks, 
190A. 
Rretey, L., ship plates, 427P. 
Rispon, R. B. H., elected Member, 
6P. 
Rivers, H. M., boiler practice of 
Bethlehem Steel Co., 191A. 
Roserts, A., JUN., stoking of core- 
drying ovens, 200A. 
Roserts, J. A., austenite formation 
from ferrite-cementite aggre- 
gates, 109A. 
Roserrts, T., elected Member, 6P. 
RosertTson, H. A., elected Member, 
6P. 
Rosinson, A. : 
basic open-hearth practice, 277P. 
ship plates, 426P. 
Rosinson, F. W., elected Member, 
6E2 
Rosixson, G., galvanising, 170A. 
Rogson, N. E., corrosion of tankers, 
439P. 

Rocuow, T. G., calibration of elec- 
tron microscopes, 220A. 
Rorat, E. J., hard nickel plating, 

25A. 
Roupez, E., substitute materials for 
steelworks machinery, 161A. 
is(eimth Wee 
drying of cores, 1264. 
luminescence analysis of core oils, 
8A. 
ROMHELD, J., life and work, 43A. 
Romia, O. E., preparation of galvan- 
ised steel for microscopical 
examination, 106A. 
RominskI, E. A.., atmospheric pres- 
sure in steel casting, 774. 
Ross, R. S., austenite decomposition 
in high-speed steel, 110A. 
Rosz, W. C. C., coal and iron in 
Forest of Dean, 114A. 
ROSENBERG, S. J.: 
austenite formation in iron-carbon. 
alloys, 108A. 
effect of initial structure and heat- 
ing rate on grain size in steel, 
108A., 184A. 
RosentHat, D., fatigue of welded 
joints, 29A. 


Roéssine, G. von,  bend-fatigue 
strength of alloy steel forgings, 
213A. 

RoTHELIvS, EH. : 

efficiency of rock-drilling machines, 
115A. 

weight of hoisting ropes for mines, 
38A. 

Rowe, F. W., steel castings, 125A. 

Rowxiann; D. H., preparation of 
galvanised steel for micro- 
scopical examination, 106A. 

Row.anp, E. S., hardenability tests, 
214A. 

RupBeErG, N., acid open-hearth pro- 
cess, 49A. 

RupicEer, O., use of electron micro- 
scope for studying structure of 
steel, 219A. 

Ruporrr, D. W.: 

columbium steel, 624. 
effect of nitrogen in chromium- 
nickel steel, 140A. 

RumMeEt, K., costing systems, 159A. 

Russet, G. A. V., basic open-hearth 
practice, 289P. 

Russett, H. W., intergranular cor- 
rosion of chromium-nickel 
steel, 224A. 

RussEeLL, L., determination of alu- 
minium in chromium-nickel 
steel, 228A. 


Sacus, G.: 

bursting tests of tubes, 104A. 

effect of notches on tensile strength 
of alloy steel, 211A. 

effect of notches on tensile strength 
of metals, 96A. 

effect of stress on welding pro- 
perties of chromium-molyb- 
denum steel tubes, 88A. 

notched-bar tensile tests on alloy 
steel, 95A. 

Sacus, W., elected Member, 6P. 

Sana, N. C.: 

Paper: “ Thermo-Electric Power 
of Very Pure Iron between 
20° and 230° C.”” See THomr- 
son, F. C. 

Sr, Crair, L. J., cutting tools, 89A., 
90A. 

SALZMANN, C., properties of alumin- 
jium-killed Bessemer steel, 
135A. 

Samurts, M. L. : j 

effect of hydrogen in malleablising 
process, 125A. 

freezing of iron-copper alloys, 110A. 
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SanpDELIN, R. W., effect of structure 
and treatment of steel on 
galvanising, 26A. 

SanpERS, A., spot tests, 228A. 

SaRGEANT, H. G., elected Member, 6P. 

Sargant, R.J., heating furnaces, 39A. 

Sarxnisyants, A., composition of 
blast-furnace gas, 75A. 

SawtELLe, D. F., control of foundry 


sand, 199A. 

Sawyer, R. A., spectrochemical 
analysis, 227A. 

ScHack, A.: 


construction and operation of heat- 
ing furnaces, 118A. 

heat transfer in reheating furnaces, 
LL7.A.. \ 

ScHAEFER, V. J., replica films 
for microscopic examination, 
220A. 

ScuArer, R., hardening and tem- 
pering of steel from heat of 
rolling, 56A. 

Scumiptmann, E., effect of nickel 
in chromium-manganese steel, 
218A. 

Scunapt, H. M., Huey corrosion test 
of stainless steel, 224A. 
ScHNEIDER, A., heat treatment of 

steel direct from rolling, 164A. 

ScHNETTLER, H., blast-furnace prac- 
tice at Hoesch works, 4A. 

ScHRENE, H. H., spectrochemical 
analysis, 227A. 

ScHRopER, C. R., spot welding of 
high-tensile steel, 135.4. 
ScHROEDER, A. J., grinding of steel, 
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ScHrorpER, R. W., penetration of 
zine and Tobin bronze into 
stainless steel, 216A. 

ScHuBERT, H., first cast iron cannon 
made in England, 5A. 

Scuuiz, E. H., properties of struc- 
tural steel, 594. 

Scuunze-Manitrius, H., 
for foundries, 84. 

ScHustER, L., corrosion-resistance of 
lacquered cans, 34A., 94A. 

Scuwarrz, H. A., graphitisation of 
cast iron, 123A. 

SCHWIEDESSEN, H., gas-fired indus- 
trial furnaces, 149.4. 

Scortr, J. R. A., elected Member, 6P. 

SEAGER, G. C., elected Associate, 8P. 

SEAGER, G. C., and F. C. THomeson : 

Paper: ‘The Influence of Tem- 
perature on the Modulus of 
Elasticity of Some Plain Car- 
bon and Alloy Steels,’’ 103P. 


conveyors 


Seaton, M. Y., production and pro- 
perties of magnesia, 734A.  _ 
SEDERHOLM, P., expansion hysteresis 
of Invar, 222A. 
SEE, W.G.: 
increasing pickling plant output, 
22A. 


submerged combustion for heating 
pickling baths, 22A4., 168A. 

SrEMANN, H. E., radiography, 142A. 

Sern, G. E., chromite and magnesite 
refractories, 190A. 

Seuissky, I. P., magnetic perme- 
ability of iron-silicon-alumin- 
ium alloys, 178A. 

SEMMLER-ALTER, EpitTH, structure of 
hardened steel, 182A. 

SENDzIniR, T., strip mills, 162A. 

SEenFteEr, E., increasing blast-furnace 
efficiency, 120A. 

Seymour, L. D., control of wire 
mills, 131A: 

SHasHKov, A. N., hard facing, 19A. 

Suaw, D., elected Associate, 8P. 

Suaw, J. A., determination of oxygen 
in gas, 229A. 

SuerMAn, W. F., steel foundry of 
Gorham Tool Co., 774. 

SuirLeEy, H. T., and E. Exxiort: 

Paper: “ A Critical Consideration 
of Some Applications of the 
Spectrograph to Steelworks 
Analysis,” 299P. Correspond- 
ence, 324P. Authors’ Reply, 
330P. 

SHNIDMAN, L., corrosion of metals by 
flue gases, 2234. 

SrptEy, R. S., anodic treatment of 
steel, 106A. 

SIDENVALL, G., iron ore production 
in Sweden, 115A. 

SreBEL, E., heating of wire during 
drawing, 204A. t 

SteceL, M., foundry practice in 
Brazil, 77A. 

SrrvEKInG, H. A., electricity con- 
sumption in manufacture of 
ferro-alloys, 1974. 

Hsin rust proofing of metals, 

1 


SttverMan, L., determination ,of 
titanium in chromium steel, 
1454. 

Sims, C. E.: 

properties of cast steel, 60A. 
silicon-oxygen equilibria in liquid 
iron, 834 
SKAPERDAS, G. T., corrosion of steel 


in carbon dioxide and oxygen, 
67A. 
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Stoan, J., elected Associate, 8P. 
Storrman, G. V., welding of tubes, 
165A. 


Smitey, W. A., control of capacitors 
on multi-phase loads, 128A. 

Ssirn, A. E. McRag, fuel economy in 
foundries, 43A. 

Smrru, D. M., spectrum analysis, 
326P. 


Smiru, G. V., tensile properties of 
molybdenum steel at high 
temperatures, 94A. 

Smrru, H. W., flame hardening, 133A. 

Situ, S., flame hardening, 164. 

Smirx, T., grinding of rolls, 1614. 

SmoLucHowskI, R., diffusion of car- 
bon in iron-carbon alloys, 
206A. 

Be  bedeeal D.R. C., elected Associate, 


SnypER, R. L., electron microscope, 
183A. 
SopERBERG, G.., corrosion of cadmium 
coatings, 68A. 
Soumr, G., hardenability of steel, 98A. 
SPRARAGEN, W.: 
fatigue of welded joints, 294. 
ee of chromium steel, 58A., 
89A. 


Sprincer, R., electrodeposition of 
nickel, 25A. 

Squarcy, C. M., stock distribution in 
blast furnaces, 196A. 

STABLEIN, F., use of electron micro- 
scope for studying structure of 
steel, 219A. 

SraNILAND, H. W., elected Member, 
6P 


Stanton, L. R.: 
Paper: “A Recording Dilato- 
meter for Metal Specimens,” 
95P. 
STaPPENBECK, R., mineral deposits 
in South America, 1A. 
Srarss, M. N., stray light in photo- 
electric filter photometers, 
227A. 

Srayman, T. H., elected Member, 
6P. 


SrupMaN, G. E., propane for cutting 
steel, 210A. 

Srrete, 8S. D., determination of 
aluminium in chromium-nickel 
steel, 228A. 

SrEFFENBURG, B., protective coating 
of steel, 174A. 

Srerres, M.: 

blowing engines, 196A. 
sintering of Minette ore and flue 
dust, 120A. 


STEPHENS, F. J., iron ore deposits of 
West of England, 1A. 

SrepHens, H. A., foundry cores, 
126. 


SteRNFELs, M. M., tinplating from 
potassium stannate baths, 
93A. 

Srrvenson, W. W.., diffusion in rim- 
ming steel, 11A. 

Srrwart, R. C., hardening of tool 
steel, 854. 

Srreter, C., flame hardening, 154. 

Stonn, H. E. N., elected Associate, 
8P 


Stonz, R. H., refractory materials 
for ladles, 191A. 

Srorz, N. I., conservation of metals, 
156A 


Sruart, N., and U. R. Evans: 
Paper: ‘‘ The Effect of Zine on 
the Corrosion-Fatigue Life of 
Steel,” 191P. 
Srusss, R., elected Member, 6P. 
Srupss, RB. B., forging of aircraft 
parts, 52A. 

Srusss, R. L., elected Member, 6P. 
SrumPE, W., low-temperature coke in 
coke-oven charges, 3A. 
Succop, J. A., backing-up rolls for 

strip mills, 52A. 
Surron, H., steel for German aircraft 
parts, 1414. 
Surron, T., reconditioning high-speed 
steel tools, 166A. 
SwInDEN, T.: 
basic open-hearth practice, 282P. 
composition variation in rimming 
steel, 114. 
diffusion in rimming steel, 114. 
Syxzs, C., thermo-electric power of 
iron, 128P. 
Syxzs, W. P., transformations of 
iron-cobalt-tungsten —_ alloys, 
107A. 


Tarcer, J. J., welded bomb casings, 
20 


Taram, N. C., elected Associate, 8P. 

Taytor, C. R., equilibria of iron and 
slag in induction furnace, 82A. 

Taytor, G. O., heat losses in furnaces, 
3A. 

Tayior, H. F., atmospheric pressure 
in steel casting, 774. 

Tayior, P. H., elected Member, 6P. 

Tayvior, R. R., elected Associate, 8P. 

TEINDL, J., tinplate, Q7A., 171A. 

TrrxEma, H. A., mineral resources 
of Brazil, 374. 
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Trenevik, N., strength of reinforce- 
ment bars, 141A. 

THANHEISER, G., potentiometic volu- 
metric analysis, 229A. 

TuEIsINncEeR, W. G., welding of clad 
steel, 134A. 

Tuomas, B.: 

hardness tests of forgings, 138A. 

heat treatment of high-carbon 
steel, 554A. 

properties of aircraft steel, 17A. 

properties of carbon-manganese 
steel, 181A. 

silicon-manganese steel, 1404. 

Tuomas, H. G., elected Member, 6P. 

Tuomeson, A. J., recovery of gilding 
metal from clad steel, 172A. 

THompeson, F. C.: 

Paper: ‘The Influence of Tem- 
perature on the Modulus of 
Elasticity of some Plain Car- 
bon and Alloy Steels.’? See 
SEAGER, G. C. 

Tuomeson, F. C., and N. C. Sana: 

Paper: ‘* Thermo-Electric Power 
of Very Pure Iron between 20° 
and: t2a0e © Cs: lakes O or 
respondence, 128P. Authors’ 
Reply, 129P. 

TxHomson, J., elected Member, 6P. 

THORNHILL, R. 8., soluble inhibitors, 
33A. 

THORNTON, B. M., detection of cracks 
in castings, 98A. 

THROSSELL, 8. G., insulation of fur- 
naces, 744. 

Tuum, A., effect of notches and in- 
ternal stresses on fatigue of 
welded joints, 57A. 

THtrnavu, V., use of propane for 
flame hardening, 154. 

TuyssEn, A., life and work, 94. 

TimmeruHorr, W., solubility of steel 
in lead, 185A. 

Timmons, G. A.: 

end-quench tests, 177A. 

shrinkage of cast iron, 201A. 

TINLEY, E. L., underfeed stokers for 
industrial furnaces, 149A. 

Trprety, T. L., spectrochemical ana- 
lysis of steel, 227A. 

Tosras, P., relation between com- 
position and properties of cast 
iron, 135A. 

Topuunter, J. T., strip mills of 
Broken Hill Proprietary Co., 
Ltd., 13A. 

Towers, Miss, elected Associate, 8P. 

TRAUTSCHOLD, R., surface hardening, 
864A. 


Trorano, A. R., iron-manganese 
alloys, 109A. 

Tromet, G., lime/phosphoric—acid/ 
silica system, 157A. 

TroTMAN, G. E., elected Associate, 8P. 

Trotrer, F. M., coal and iron in 
Forest of Dean, 114A. 

TruNscuHITz, V., use of excess acetyl- 
ene in welding, 19A. 

Turner, T. H., corrosion of boiler 
tubes, 112A. 

Twiacer, T. R., manufacture of cast 
iron in electric furnace, 122A. 


Upy, M. C., reduction of magnetite, 
196A. 

Unuie, H. H., corrosion of steel in 
carbon dioxide and oxygen, 
67A. 

Utiman, F. E., recovery and pre- 
paration of scrap, 114A. 
UncERSBOCK, O., pickling of steel in 

presence of inhibitors, 224. 

Upper, F. A., cutting of metals with 
abrasive discs, 58A. 

Uttny, H. H., heating furnaces, 394. 


VAALER, V. C., control of multi-fuel- 
fired furnaces, 39A. 

Van ANTWERPEN, F. J., recovery of 
pickling liquor, 90A. 

Vancg, E. R., determination of sul- 
phur and molybdenum in 
alloy steel, 69A. 

Van Deerirt, T. C., extensometer 
for studying stresses in crank- 
shafts, 29A. 

VANDELT, M., _ specifications 
welding of boilers, 19A. 

VANDERWILT, J. W., occurrence and 
production of molybdenum, 
1144. 

Van Norte, W. G., effects of elements 
and grain size on harden- 
ability of steel, 103A. 

Van Petr, A. A., ball and roller 
bearings, 131A. 

Van Sickun, O. A., design of core 
blowers, 80A. 

Van SomEeREN, E., spectrum ana- 
lysis, 325P. 

Vaska, W., behaviour of moulding 
sand in contact with molten 
metal, 126A. 

VrGEsack, A. von, etching of lead- 
bearing steel, 220A. 

VIGENER, K., specifications for weld- 
ing of boilers, 194. 


for 


NAME INDEX. 47 


Vinnarss, L. D., foundry plant in 
Brazil, 77A. 
VILLNER, P. V., air consumption of 


pneumatic ore-loading ma- 
chines, 115A. 
Vincent, H. B., spectrochemical 


analysis, 227A. 

VocEet, R., iron-zirconium-sulphur 
system, 222A. 

Voupricu, C. B., weldability of steel, 
167A. 

Votx, K. E., use of electron micro- 
scope for studying structure of 
steel, 219A. 

Vusxovic, I., cavitation of turbine 
blades, 185A. 


Wane, S. A., elected Member, 6P. 
Wacner, E., sintering of moulding 
sand, 153A. 
Waaner, H., chromates in protective 
paints, 28A. 
WAHLSTEEN, A. : 
effect of tin in steel, 101A. 
impact test specimens, 604. 
Warn, H. L., elected Associate, 8P. 
Watker, J., elected Member, 6P. 
WALKER, P. M., electrodeposition of 
zine, 26A. 
WALKER, R. M., control instruments 
for blast-furnaces, 414. 
Watters, F. M., Jun. : 
effect of elements on tensile strength 
of normalised steel, 210A. 
elected Member, 6P. 
Wark, I. W., elected Member, 7P. 
Wasmuut, R., properties of alu- 
minium-killed Bessemer steel, 
135A. 
Watson, A., flame cutting, 1354. 
Wwarson, B.A., elected Associate, 8P. 
Wesser, B. N., manganese in Costa 


Rica, 1A. 

WEIBULL, W., stress-strain curves, 
174A. 

WEIBRICH, R., determination of 


nickel and copper in steel, 
229A. 

Weise, H., lacquering of food con- 
tainers, 28A. 

Wess, 8., activities of War Produc- 
tion Board, 193A. 

Wetce, L. E., short-time tensile tests 

, at high temperatures, 99A. 

WrLLAUER, E. J., hardenability of 
NE steels, 180A. 

Wexincer, K., properties of bolts 
and nuts at high temperatures, 
211A. 


We tts, R. C., separation’ of cobalt 
from iron, 229A. 

Wentrup, H., Bessemer process, 9A, 
127A. 

piweas Pp uk A., hard nickel plating, 

Wever, F., precipitation hardening 
and creep strength of columb- 
ium steel, 62A. ; 

WervYERMANN, R., welding of railway 
equipment, 57A. 

Wuirts, G. J., elected Associate, 8P. 

Wuirs, H. A., bearing metals, 161A. 

Wuits, R. P., thermal expansion of 
silica bricks, 190A. 

Wuitetey, J. H., awarded Bessemer 
Medal, 3P. 

Wuirmer, V. W., conservation of 
metals, 156A. 

Wrprie, 8. L., properties of NE steel, 
219A. 

Wirstsr, H. J., properties of steel at 
low temperatures, 180A. 
Wincox, H. L., control of direct- 
current motors, 161A. 
Witxrs, C. A., internal stress in 

metals, 175A. 
Witttams, D., mineral resources of 


U.S.S.R., 374. 
Wuutams, D. H., elected Associate, 
8P. 


WitiiaMs, J. H., ladle additions to 
cast iron, 121A. ; 

Wiuiams, W. S., quasi-Bessemer- 
ising process, 80A. 

Wits, A. C., steels for aircraft parts, 
103A. 

Wits, W. H., heat treatment of 
molybdenum high-speed steel, 
87A. 

Wuson, R. F., heat treatment of 
shells, 844. : 
Wuson, W. M., fatigue of butt welds, 

176A. 

Wier, P., alloys for hard facing, 
19A. 

Winning, J.: 

electric furnace practice, 514. 
weld-forging, 2U7A. 

Winsor, K. W., elected Member, 


es 
Wirt, E. H., flame cutting, 135.4. 
WouicEemutn, M. J., maintenance of 
electrical equipment, 544. 
Wo rr, H., hard metals, 197A. 
Woxocnow, D., dry air blast, 41A. 
Wourer,. A. M., costing systems, 
159A. 
Hi. C., basic open-hearth 
practice, 287P. 


Woop, 


48 NAME INDEX. 


Woop, H. R., anti-fouling composi- 
tions, 425P. 

Woopurr, E. E., penetration of 
metal into moulds, 154A. 

Wooten, L. A., determination of 
carbon in iron and steel, 144A. 

Wrigut, Sir CHARLES, elected Hon. 
Member, 2P. 

Wariaut, F. A., control panel for a.c. 
motors, 1614. 

Wriacut, J., welding of steel plant 
equipment, 134A. 

Wricut, R. H., rolling-mill motors, 
53A. 

WiussBennorst, H., effect of cold 
rolling and annealing on Watt 
losses of dynamo and trans- 
former steel, 136A. 

Wrman, L. L., defects 
165A. 


in welds, 


YerAw, J. S8., corrosion of metals by 
flue gases, 223A. 

Youne, C. B., protective coatings on 
metals, 914. 

Youne, E., elected Member, 7P. 


Youne, J. R., tests of steel moulding 
sands, 78A. 


Zatmovsky, A. 8., magnetic per- 
meability of iron-silicon-alu- 
minium alloys, 178A. 

ZAPFFE, C. A.: 

bleeding in castings, 200A. 

“* fish-eyes ’’ in welds, 99A. 

silicon-oxygen equilibria in liquid 
iron, 83A. 

ZEMANEK, R. J., use of graphite in 
open-hearth practice, 156A. 

ZIEGLER, N. A., graphitisation of 
cementite, 122A. 

ZIELER, H., production of vanadium 
slag, 414. 

Zirzow, E. C., effect of sea coal and 
fueloilon moulding sand, 198A. 

ZMESKAL, O., tempering of chromium 
steel, 87A. 

Zorn, E., flame hardening, 15A. ~ 

Zur, J. P., electric patenting of wire, 
130A. 

ZWORYKIN, V. K., electron micro- 
scope, 183A. 


PRINTED IN GREAT BRITAIN BY 
RICHARD CLAY AND COMPANY, LTD., 
BUNGAY, SUFFOLK. 


| 
| 
| 
) 
; 
1 
| 


